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FOREWORD

Preliminary Report

This report suggests ways in which preservice science education might
be improved to bring about more effective science teaching in elementary
schools. The purpose of the report is to stimulate discussion and study of
preservice education. The AAAS Commission on Science Education hopes that
the report will be discussed frequently and critically by groups of scientists,
teacher educators, and. elementary school teachers and administrators. It is
further hoped that these discussions will yield constructive criticisms -and
suggestions that can be used to revise and strengthen the report in another
year.

If the report stimulates discussion, prompts teacher educatron institutions
to give serious attention to updating their preservice programs in science for
elementary teachers, and even more importantly, to initiate research and
development projects from which better answers to relevant and important
questions can be found, the preservice project will have served.its purpose.

In its initial planning the Commission requested support for a six-month
planning period to be followed by the organization of a cooperative -project in
four centers in" which samples of materials of the kind described in the report
would be written and tried. When it was learned that funds would- not be
available for the developmental work, the Commission decided to go ahead
with the planning period with the hope that others would be persuaded to
embark on the urgent development and research. -

The AAAS -Commission on Science Education is well- -aware of: the com-
plexities involved in the preservice education of elementary teachers. Elemen-
tary school teachers constitute the. largest professional group in the United
States. Each year 85,000 elementary teachers are graduated from more than

. 1,200 institutions of hlgher education. These téachers aré ‘expected to teach
- language arts, social studies, mathematics, health, fine arts, and physical

education in-addition to science.- Their task is compllcated by the fact that

‘recent curriculum. projects in mathematics,- -science, and other areas have

redefined what should be taught in elementary schools. While science in ele-
mentary schools has been completely changed, most science courses for

teachers at the college level have changed little or not at all.? Herem lies the

pinch of the educational shoe.

Prospective elementary teachers should be prepared to teach new programs ‘
- in science that are being developed; they should be prepared to continue their A
study of science after graduation in order to adjust to a changing curriculum.

It is often suggested that they should study science in the way that they are

1There are exceptions. See for example Physical Science for Non-Science otudonu (PSNS) dmlopod
bya (roup working at RPI. The materi~is are published by John Wiloy ;
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expected to teach science to children, but ‘at an adult learning level. Present
preservice education programs do not prepare teachers in these ways and

improvements are urgently needed.

In.1963, Guidelines for Science and Mathematics in the - Preparatron Pro-
gram of Elementary School Teachers was prepared by a joint project of AAAS
and the National Association of State Directors of Teacher Education and
Certification. The NASDTEC-AAAS Guidelines were widely distributed and have
brought about improvements in the preservice programs in"science and mathe-
matics for elementary teachers. They continue to be of lmportance ‘However,
the Guidelines appeared before the development of the new elementary: science

programs and their recommendations are expressed in terms of course titles,

which are always subject to misinterpretation. This report__provides recommen-
dations for preservice education of elementary -teachers, which take into -

. account recent developments in science and in’ educatlon, and attempts to
‘define what-elementary teachers should be" able'to do TR

Two educational innovations of the past year give promise of havmg a major
influence in the -improvement of the preservice education of elementary
teachers: the new Standards and Evaluative Criteria for the Accreditation of
Teacher Education, which has: been -prepared for use by the National Council
for Accreditation of Teacher Education, and the Model Programs developed by
nine universities under-contract with the U.S. Office of Education. These
materials have greatly” influenced the thinking which led to ‘this. report, and

-they contribute in a significant way to its timeliness. It is reasonablie to expect

that this report will be useful to NCATE evaluation teams, and will - strengthen »
the 'science components of Model Projects as they are put into practice. -
The:recommendations of this report grew out of a series of three ‘confer- -

-ences in which over sixly leaders in American education participated. They

are bold and perhaps idealistic. For thrs there is no apology—bold actron is
needed.

The re'\ort is the- preduct of the hard work of the partlcrpants in the three '
conferences; their names are listed in the Appendli Special credit must be

. extended to the members of the Commission’s Committee on Teacher Educat '

tion: Deborah' Partridge Wolfe; Queens College of the City University of New
York, Chairman; Hubert N. Alyea, Princeton University; Addison E. Lee, The -
University of Texas at Austin; Wendell H. Pierce, Education Commission’ of the
States; and William W. Rubey, Unwersuty ‘of California at Los Angeles and Rice
Umversuty , :
“The . Preservice Teacher Education Project has been supported by the

~ National Scienze Foundation.

J. 7Dudley Herron, Coordinator
Teacher Education Project
AAAS Commission on Science Education

%,




This Report

After publication of the Preliminary Report in the spring of 1969, two
thousand copies were distributed without charge to persons in all parts of the
country who were believed to be interested in the preservice science ‘education
of elementary teachers, and their comments were solicited. Four regional con-

. ferences were held in October and November 1969, for introduction and dis-

cussion of the Preliminary Report. About 100 scientists, science educators,
and teachers attended each conference. At the University of Maryland, in
Atlanta, in San Francisco, and in Chicago the conferees met for two days dur-
ing which, in committees on science experiences, experiences with children
and schools, research and development, and implementation, they prepared
recommendations for revision of the Report. Names of the conference partici-
pants are iisted in Appendix D '{«he National Association of :State Directors of
Teacher Education and Certification, at their annual meeting in June, voted
to give their full_cooperation in the-fall coriférences and-at:least one person
from most of the 50 state departments of education participated in one of this
second round of conferences.. . - oo . . i L
It has-been possible to incorporate most of the conference recommendations
in-this final draft. This revised report represents the combined work of almost
500 participants from 47 states—almost 100.in the preparation of the Pre-
liminary Report and over 400 in the revision. The preliminary report has been
strengthened and the 500 participants are now designated as team members
to_ introduce the report widely, to interpret it, and to assist in implementing
it to the end that elementary school children of the future will have better

~ science experiences under the leadership of enthusiastic and well-qualified

 teachers.:
~ Deborah Partridge Wolfe, Chairman | John R. Mayor
. Addison E. Lee, Member ' : Arthur H. Livermore
- Teacher Education Committee ~ Project Directors .
A R AAAS Commission on Science Education | -
April 1970 o o o o R
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THE RATIONALE AND ORGANIZATION OF THE REPORT

The success of the new programs in science for high schools pointed up
the urgency of, and possibilities for, improving science teaching in elementary
schools and colleges. Now new science programs for elementary schools are
available and are being introduced into schools. At the same time important
changes are taking place in college science teaching and preservice teacher
education programs are under constant study. Many innovations are being in-
troduced. The support by the U.S. Office of Education of the development of
Model Projects for the preservice education of elementary teachers may result
in changes on a wide scale.? Furthermore the more realistic and flexible stand-
ards of the National Council for Accreditation of Teacher Education not only
make change more possible, but actually place a premium on carefully con-

ceived innovations. The time could scarcely be more propitious for a re-con-

stitution of the preparation of elementary teachers to teach science.

This report calls for cooperation among all of those responsible for the
many different aspects of preservice teacher education. First, responsible
groups must be persuaded that there is need for change, that. exciting possi-
bilities for improvement do exist, that there is value in a cooperative: effort.
Then these groups must become involved and work. toward commonly agreed-
upon goals. Scientists and teacher educators;: the institutions and. professionai

organizations with which they are associated, state departments of education

and the schools, their administrators and teachers, and their supporting lay

public, must all become involved, and work together toward commonly agreed-

upon goals. -
New Elementary ‘,Sé.hool Science - f

- New materials have becdrhe.ai?ailable within the past eight yea(s—~whig:h

. make:possible’a dramatic revolution in the teaching of science in: elementary

schools. The standards, guidelines, and recommendations in this report have

been prepared for all of those responsible for assisting prospective. elementary -

teachers to acquire- the competencies necessary to teach the new science pre-

grams. Each of the new science programs is unique.in its own way but all
possess certain commonalities which should become the principal-focus of the

teacher preparation program.

B

2Hare and throughout the report, “Model Project” refers to one of the nine modils for elementary
teacher. education developed under contracts with the U.S. Office of Education, Bureau' of Research.
Models were submitted to the Bureau on October 31, 1968. Further information about the projects can

be obtained from Elementary Teacher Education Project, Division of Elementary and ‘Secondary Educs:
g"g\ %azrch, Bureau of Research, U.S. Office of Educition, 400 Maryland Avenue, SW., Washington,.




" mathemirtics are.taught in elementary schools as ‘separate sub,

Some of these are:
1. an emphasis upcn the investigative nature of science (inquiry and dis-
covery). '
2. a conviction that children need to be actively involved with materials
that are conceptually rich for the learning of science.
3. an emphasis upon independent learning with opportunities to explore,
“try out,” “play with” and in other ways initiate their own learning..
4. an attempt to establish a sequence of instruction to help assure the
child’s acquisition of skills in the processes of sciences as an |mportant
part of their intellectual growth. ,
- 5. a valid presentation of science matenals so that concepts will not need ,
to.be corrected later. : : :

These commonalities are also charactenstnc of modem mathematlcs pro-
grams for elementary schools.

' Broad Concerns

This report begms with the assumption that the new ele'nentary science
programs should and will have an increasing influence on the schools. It-sug:
gests where we should be going in the preservice education of elementary
teachers to prepare them for this anticipated change in elementary science
programs. In doing this, the report describes the skills- that teachers will need
to teach modern science to children, and it contains statements suggesting

what to look for as evidence that teachers have the skills-that are called for.*

Although ‘the ‘primary concern is with science teaching;’ it is impossible to
look at the preparation-needed for elementary teachers -to teach science with-
out considering other aspects of preservice teacher education. Conslderatuons
have ranged from elementary science to liberal education in college, from
attitudes to manipulative skills; from performance objectives and individualized
instruction to the spirit of inquiry and being human. It is clear that the prob-
lem involves more than the revision of college sclence courses or reordermg
the professional education sequence. 2

These broad considerations arise, in part, from a note of general dlssatrsfac-

‘tion with the school and society as'a whole=—it is'not only that science’is often
- badly taught; for many youngsters; the entnre school expenence is frustratmg

and limits their-intellectual development. * : EERR
‘These limitations are found in all teaching, not just the’ teachlng of sclence

Wltness the followmg quote from a recent review by Waetjen: = - !

'ln the viow of man confmnco participants the teaching of science and mathornatlcs ln*oloment
ary schools should be integrated or at least correlated. However, aimost without exception, science and -
ioots For this reason, ‘and, because the
Committee on the Undergraduate Program:in Mathematics' has prepared ‘and widely disscminated’
recommendations -oh the pressrvice mathematics preparation of oomontary toachors. pnparatlon ln‘

- mathomatlcs iz not consldord in this report. -
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" “lnformatlon which children placed in- the (learning) situation was often
|gnored overlooked, or not considered by the teacher. More |mportantly, the
kinds of teacher responses which seek expansion and association of ideas,
which ask for comparison and inference, and which related to personal e,\perr-
ence and opinion occurred rarely.” * '

Those responsible for the preparation’ of th|s Report believe - that, if the
new science materials are taught effectively, some of these ||m|tat|ons of ele-

imentary school educatlon wrll be removed

'I'o Whom Is the Report Addressed?

" The report is: addressed to all persons concerned with the |mprovement of

the preservice science education of élementary teachers.

It is addressed to scientists who teach science courses taken by a sub-

-stantial number of prospective elementary teachers. They must make the im-

portant-decisions conceming the nature of science experiences for teachers.
Are the science experiences that will be most valuable for future elementary
teachers the same ‘as those for future scientists, engineers, or ‘even future
lawyers?. If not, what experiences- do’ teachers need? What must the future
elementary teacher know about the problems in ‘environmental science, popula-»
tion studies, genetics and evolution? These are the questions whrch must be
answered. This report outlines many of the skills, attitudes and. competenmes

' that the clementary school teacher will need to teach a modern; program' in
~science; the design of experiences-which will Iead to these Skl"S and attltudes

rs largely left to collége scientists. - -
- This report is.also addressed to professors of educatlon smce they are"
generally held responsible for the teachers who are prepared by an institution.-

" The- professor of science’ education may find it necessary to inciude in- his sci-
- . ence education courses: science topics that the prospective’ smence teacher-
~ did ot have ‘in' his science courses or which he has since forgotten He will

assist the student .in maintaining- a favorable- attitude - toward scrence ‘and:
science teachingand “help him+develop- skills of teaching science to young: -
children. He must constantly be aware of the science experiences with-children’
and schools that the preservrce teachers have, and be prepared to supplement‘
the experiencesas needed. - -

*- College deans and staff members, in addrtlon to ‘scientists and science edu-
cators' who ‘have special responsibilities for: the presérvice science education -
program, should also find the report of value in-their conslderatlon ‘of total ‘
college programs and the teacher education program of the college. * ,

.The standards, guidelines, and .recommendations of. this Report will’ be’ of‘ .
concern to school administrators, teachers, and state department of educatron |

‘Waltor B ‘Waetjen, .“Recent Analyses of Tuchlnx." Maryland ASCD .lournal, Vol 3 No 1 (l-'all. -

. 1968) p.
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personnel. The probiems that teachers face in the transiti_gzl'g@ preservice
experiences to full responsibility as a teacher in the classroom “are well. docuy-
mented.® Much of what teachers learn about teaching in the preservice pro-
gram is learned through experience .with_children ir; schools. There are many
probiems of providing feedback to colleges, planning better clinical experi-

school administrators, directors of teacher education and certification, or other
staff members of state departments of public instruction as wel| as college
personnel. Schoo| administrators will have a larger role in establishing the
arganization which will make possible a gradual induction into teaching and a
continual rebirth of the practicing teacher. - , - ‘ :

~ Members of evaluation teams for the National Council for Accreditation of
Teacher Education should .also find the report useful since it provides, stand-
ards and guidelines which may be useful in evaluating existing and future
preparation programs. - o S ' - ~

L o Guidelines ~

o 6h5pters 2 and 3 are developed around guidglihes. ,;The’se are general- state-
. ‘ments which may be used by those taking a broad view of the teacher educa-
-t tion. program. Guidelines must be general but, . because they are,  they are

To further claﬁfy their ‘intént,’ the guideiin,es areA..define’d’ byperfor'"‘niance

 objectives—specifications of what the future teacher should be able. to do as

a_result.of his college -experiences. -Some readers . will think that a (dé“sjcrfiﬁiib;n

of .teaching in terms-of behavioral specifications: implies :a mechanical* per- -

~.-or-for others; the mistake is-in. setting trivial goals, in. keeping- the ‘purpose-

n

sectet from the student, in-the failure to corsider ‘his goals. The list of objec.

 tives describe comp.~tencies that represent minimum requirements for success:

ful science teaching; in some areas the reader wiil want to-add to the-list;.in
all,a“rea’s’rrst(_:degitg will learn much that is. not:described by:the objectives. - -

.In order to make an-objective clear, it.is_ sometimes necessary. to provide.
Specific examples of things. that- a teacher- might be asked to.do as: evidence

+

that. he possesses’ that particular. compete c'y;‘;TheSe afe:examplgs. for ‘which

\ot\héracti‘vitié‘scoul_cl be substituted. * . - el S Eee

o *See The Real World of tho”BAulnnln'g Teacher. Report of the 1965 Conferance of the “National Com.
mission ‘on Teacher Education and’ Profe :

ssional Standards, Netiona| Education Association, (19¢€6). . :

.

Skl s .




Competencies are described at three levels. [ evel 1 is a general description
the competency and is designated by capital letters. Level 2 provides more
ecific statements of examples of subordinate skills that contribute to the
ility described at Level 1. Level 2 is designated by Arabic numerals. Level 3
»vides specific examples used only when there is some danger that the more
neral” descriptions may be misleading. Level 3 statements, which are in-
\ded as examples only, are set in smaller type to avoid confusion.

liBeral Educaﬁor;' .

Above all else, the elementary teacher should be a liberally educated person.
cause of this, the report would be incomplete without a discussion of the
portance of. liberal education in the preparation program for elementary
chers. However, a careful description of guidelines and performance objec-

>s needed to accomplish the desired end requires careful.consideration by

erts in fields other than science and education, as well as by those -in
ence and education. Consequently, no attempt is made to provide .guide-
s- for the liberal education of teachers as has been done for experiences
science and experiences with children and- schools. Chapter 4 is provided
the hope that appropriate agencies will provide some needed direction for
yrovement in this important segment of the preservice program for ele-
ntary teachers.® ‘ - ' C B

v

Research: _and Develbﬁmeht

>hapter 5 of this report discusses the need for greatly expanded efforts in
2arch and development and contains descriptions of recommended projects.

00 little is known about the effectiveness of teacher preparation programs. -

at evidence is there that teachers who have had courses in science are more
ctive teachers of science than those who have not? Is there evidence that
rses taken as liberal education develop the attitudes and competencies that
ascribe to the liberal man? How much responsibility can college students
ime for planning their own learning; what can they learn without the pro-
or’s lecture as effectively as with? Is it possible to dispense with grades
ipletely and report progress on the basis of acquired competencies; to give

lit for competencies acquired before entering college or for competencies.
sired through informal learning?

he major thrust of research on teacher education must be toward evaluat-

the outcomes of instructional programs in terms of the teacher’s perform-
2 in the classroom. . : : .

o

le reader may wish to refer to the Model Teacher Education Program developed by the University -
issachusetts under USOE Grant No. OEC-8-089023-3313(010). The appendices on aesthetics, human

ns, language arts, and social studies provide numerous examples of performance criteria related
' liberal education program. ) )

A oK WS S Am s kv s e = - e - - -

e e s e+ Ao s et g




: Standards
In. Chapter. 6 standards to be applied to the teacher education institution
and its_program of preservice elementary teacher education are stated. These

-institutional standards are concerned with the staff, programs, and facilities

required for the preservice preparation of elementary teachers. The standards
are derived from the recommendations in preceding chapters, and are fol-
lowed by questions that might be asked in judging the quality of the preservice
program at a particular institution. These questions are intended for use by
those evaluating the programs, including state departments of education and

NCATE evaluation teams.

T Implementation - :
The publication of a Report on the preservice science education of elemen-
tary teachers will, in itself, have little effect. The report must be distributed,
discussed and tried in order to effect change. Participants in the 1969 confer-
ences listed many recommendations, often addressed to particular groups, for
implementation of the Report. These are presented in the final chapter.

Definition of Terms

o When speaking of teachers at the college level the terms professor or pro-

fessional staff will be used. The college student is often called just that but
more often the term, teacher, is used to indicate his future professional role.
To avoid confusion between the student in the elementary school and the
student in college, pupil or child is used in referring to the younger learner.
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SCIENCE EXPERIENCES

Our past experlences and professional commitment allow no other view than
that science is 1mportant it is important to teachers, it'is important to socnety,
itis lmportant to children. The impact of techiiology -is often cited as justifi ca-
tion to.teach science, and it is. Knowledge of science and technology and their
potential effect on society are important in science teaching. But the. mode
of thought, the way of looking at the world, the way of solving problems, the

way of obtaining knowledge that characterize science are far more |mportant '

contrlbutrons of science to society.

lt was thrs kind of contnbutuon of science to society that prompted: the

Educatronal Pohcnes Commission of the Natlonal Educatlon Assocratron to
state - - 7

- The values of which the spirit of science COI’ISISta should permeate the

educative process, serving as objectives of |earmng in every field, includ-
- ing the humanities and practical studies.” ... To communicate the spirit
. of science and to develop people’s capacrty to use its values should there-

fore be among the prlncrpal goals of education-in our own' and every other'

‘ceuntry® - . . : IR T
In this chapter an attempt is made to outlme the competencles in science
that elementary 'school teachers should have. These competencies can and
must be acquired in a reasonable amount of time. Time is also needed to study
- literature, the arts, and social sciences. The focus is on the kinds of science

experiences that elementary teachers. should have in order to teach as well as
to live in contemporary (or ever changing) sociely. ‘o

The teaching functions required of a teacher of elementary school sclence‘

are likely to vary from region to region and from year to year.- For this reason
a teacher's -préparation through college programs must provide a base which
is sufficiently broad and flexible to permit continued:study and: adaptation to
new findings in science and to new teaching methods It is well.to remember
that the ‘general. approach of a teacher to his teaching functions -usually

¢ - -reflectsthe pattern of instruction which he himself veceived in college. That is,

a teacher who fails to-acquire excitement and the spirit of inquiry and related-
ness from his own preparatnon in science is not likely to convey these qualities
to his own students. - \ \ ‘

t Education and the Spirit of Scionco. (Washlnzton, D. C: Educatlonal Pollclu Commission of tho
Natiorial Education Assoclation, 1966), p ) )

' Ibid., e 27.
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A recent study of science education for elementary school teachers revealed
that many teachers described their programs “‘with near unanimity as ‘irrele-
vant,’ ‘uninspiring,” and often ‘overwheliming.’ " ® The overwhelming aspect
usually develops from forcing too many technical details into the course. The
uninspiring and irrelevant aspects arise when college courses fail to- reflect
and relate to the larger issues of the natural and social world.’ o

For this reason it is important that science programs for teachers should
provide, along with key concepts and some details of modern science, clear

demonstration of the impact and significance of science and technology tothe -

soclal phl!osophlcal and historical aspects of the progress of man.

-How Shovuld Science Be Taught?

The adage that ‘““we teach as we are taught” is not without foundatlon if
elementary teachers are to present science as an exciting exploratlon of the
natural world where pupils have ample opportunity to interact with that world,
to ask questions -of nature as well as of people, and to discover that -even
young people can find order there, teachers, too, must have such opportuni-
ties. What is done in college science courses will materially affect the way that

- elementary teachers teach science.
The following sketch of the science teacher, adapted from_a conference'

workmg paper,*® was written as a description of the attitude an elementary
teacher should have toward science and how it should be taught; it is equally
valid as a description of the way science should be taught to the teacher..
A liberally educated teacher understands that his power derives from
- the way that content is used as well as from the partlcular content he
has mastered.

The methodology adopted by the teacher makes learning posslble fcr_
different students. The methods themselves are characterized by: open- -
ness and can be the subject of discussion and analysis by students. The-

. teacher's aims and his methods should -be tempered by the aims and
- abilities of his students.

Some of the pract|ces that distinguish- the effective teacher in the

“classroom are as follows: -

. —He acts as a guide to Iearnmg rather than snmply as a dlspenser of 7, _

- - information.

. —He values the asking of questlons as-well as the giving of answers.- _
—He understands that learning is cumulatave and does not |mpose

~ closure-prematurely.

—He recognizes the importance of speculatnve thmkmg and does not
insist that ewdence be interpreted in conformity with cultural tradltlon _

s, vt s 7 8
'

t s

¢ .

. . -

* Mathew H. Bruce and Albert F, Eiss, Science Educatlon for Etcmcntary Tuchcn, Flnal chort

. USOE Project No. 7-C—016 (October 1968), p.

WAdapted from a working paper prepared by Randoiph Brown, Eiementary Science Study.
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—He recognizes that there are several alternative approaches to solv-

ing problems and provides opportunities for students to utilize means
that they find appropriate.

: skill or a method of gaining control of potentially Unmanageable objects
i or ideas; it is not an end in itself. Counting money, sorting the pieces
of mixed games, sorting mixed decks of cards, and arranging the food
in a cupboard are examples of activities in which classifying is a means

to an-end.

In the case of teaching biological classification the teacher will recog-

s nize that familiarity with living things is a brerequisite to any need _

| - 1o know about their classification. Students will thus be encouraged to

‘ - . culture, cultivate, and maintain a variety of living things. Many questions— -~
can be exglored that are relevant to these activities. How long does it

- take for beans to sprout? for corn or wheat? How -early can you tell
if'a sprout is that of a bean or a com plant? Similar questions might
be asked about molds, fish, and insects. Opportunities to do quantitative_
measurements, develon coricepts of mass, nutrition,.and growth are also
provided in these explorations. Eventually, the‘phyIOgenetjp classification

- that biologists favor will also be seen as useful and: hepefully for reasons

other than passing tests, S e T T

is a minimum set of termina}lbehav,iprs" which every teacher should possess.
Where Ppossible, the statements‘ imply the level of cqmpetency.to_bg_‘ex\pe,cted

its own list, more complete than the sample provided- here, It, should be em.-
phasized that statements in smajl type are.only examples, The specific activ-
ities described in these statements may not be in the curriculum ‘at ali;
hundreds of similar activities could be substituted. : |

-

1 There aﬁ many points in the course of teacgnehr preparation that could be considered terminal. in
e

3 this report, tarminal behaviors represent those aviors that the teacher must exhibit before being
? recommended for certification. o , " e -
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terestin science-related activities.

SCIENTIFIC INQUIRY
Guideline I. Science for elementary teachers should be taught in the
same style of open inquiry that is encouraged in elementary science pro-
grams. The student’s science experiences should develop his ability to i
actively investigate natural phenomena and should result in his enthusiasm
for and confidence in teaching science through inquiry to children.

o g

2%

e What evidence is provided that the science experiences pro-
vided by the institution encourage open inquiry as a style
of learning about *he natural world? 12 :

® What evidence is provided that teachers are able to teach i

- in a style that encourages inquiry on the part of pupils? ]

o 3§ e o

Nags g iing

Objectives:

A. Ability to mvestlgate. The teacher will demonstrate his ability to carry
out an investigation when presented data or a question about a natural
p_h__enomena.

]

oty P

ind g

oy

Gwen data about the meltmg of ice when salt is added to it, construct and
carry out an investigation to measure the temperature of rmxtures of dlfferent
- -amounts-of ice and salt.
Given a question about the relationship of the color of the ambient light and
the growth rate of plants, construct and carry out an mvestlgatnon to measure the
growth rate of plants in light of different colors.

koo e

~ B. Science as mqulry The teacher will demonstrate his enthusiasm for
teaching science -as inquiry to chlldren by emphasnzmg mvestlgatuon over
memorlzatlon of facts

When- asked by a child why ice floats on water suggests an mvestngatuon through
which the child might find an answer to the questlon.

C. Teaching science as inquiry. The teacher will demonstrate confidence
in his ability to teach.science as inquiry by selecting the .inquiry approach
rather than the show and tell approach. . I

When asked to teach some children the law of the pendulums, gives the chrldren
stnng, steel washers, a stop watch, and meter sticks and suggests that they
investigate the relationship between the length of the pendulum and the. number
of swings per minute. ) L o

- ,' ‘ ATI'ITUDES TOWARD SCIENCE

Guideline II. Scwnce experiences of elementary teachers should de-
velop in teachers an appreciation for the historical, plulosophical, and cur-
rent ugmﬁcance of science to society, and positive attitudes about science
which result in a more objective approach to everyday problems, in im-
proved teaching of science in their classroom as well as in mrrea:ed in-

° What attitudes toward science does the mstrtutuon claim it is
developung? )

2 The questions followinz each of the guidelines may be useful in evaluatlng proservico sclenco

14
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e What evidence is provided that these attitudes are held by
teachers at the end of the instri:ctional program?

e What evidence is provided that these attitudes persist after
teachers have been in service for one or more years?

e What evidence is provided that realistic attitudes are being
developaed toward the possible solution of major problems
such as population growth and environmentat pollution?

Some ()biectives“

A. Demand for data. The teacher will demonstrate confidence in scientific

measurements, empirical data and accepted principles, and to question un-

supported pronouncements. For example:

Reiect\ legislative attempts to set the value of g = 2.00 m/secz or = = 3.00 as
nonsense since these constants are empirically derived quantities. <7

‘When told that a proposed chemicai plant will not disturb the ecology of the
_ ragion, ask for supporting data and a clarification of assumptions on which the

projection is based. : ) ) -t

- B. Nature- of concepts and ‘theories. The teacher will recognize that the
established concepts and theories of science are_valid only insofar as they

_are consistent with the observed phenomena of natdre and that they must be

modified if this is necessary to accommodate new findings.

1. .Given experimental results in.which the mass of the identifiable products -

iis not the same as the mass of known reactants, search for some
explanation for t' e apparent disagreement with the law of mass con-
servation. - R

When presenited data that show that- the mass of a grown plant and the soil

-that it is planted in is greater than the mass of-the original soil, seed, and water
added, suggest other materials that may have contributed to plant growth..

-C. Interest in science. The teacher will demonstrate his interest in science
by activities such as reading and conducting experiments. - o
1. Read science-related articles and books which are not required -as
. part of a course. R - U
2. Plan-and conduct experiments on his own volition or manipulate science
. “equipment provided by the professor when he is invited (but not re-
] _quired) to do so. . . o
.. D.. Encouraging science activities- in pupils. The teacher will . encourage

" 1Writing objectives to describe attitudes is a hazardous undertaking. We cannot measure attitudes
in the sense that we measure len h, time, or even knowledge. We can only look for a kind of behavior
from which we are willing to infer that the attitude in question does exist. But this is not entirely
satisfactory. The observed behavior may depend on the person’s attitude but it is.likely to depend ‘on
knowledge, :skills and the circumstances surrounding the performance as well (see A, B, C, in this sec-
tion). A further problem that arises with writing objectives to describe behaviors vyiﬂc,h evidence atti-
tudes, is that the behavior mentioned becomes an end in itself, and may therefore' be produced by a
desire for a high grade, as well as by the desired attitude, The teacher’'s performance in the class-
room after his preservice education has been completed will provide the true :test of whether these
objectives have n attained. - . L R ‘

. In writing the objéctives’in this section an attempt has been made to use -such terms as ‘‘demon-

- strate confidence,” “demonstrate an interest in science” and ‘‘suggest investi tions” to denote some

action on the part of the teacher from which one may infer that the desi attitude is present. For
a more elaborate discussion of attitudes and problems of measuring them, the reader is referred to:
Mager, Robert F., Developing Attitude Toward Learning (Falo Altc: Fearon ‘Publisher,- Inc., 1968). :

15

(I P S T S




RO e WY

W

e B RE U R BNV

TR S Vg T AT

pupils to show curiosity and inventiveness in science by helping pupils design
experiments that will answer their questions.

When asked, ‘“Will a flashlight work if the batteries are turned upside down?”
suggest that the pupil try to find the answer. |

Suggest investigations that pupils might conduct in their study of the behavior
of mealworms without requiring that the suggestions be carried out.

‘E. Relevance of science. The teacher will state how the lives of some mem-
bers of a community have been affected by science and technology resulting
from science.

1. Suggest investigations of the development and use of forms of energy
such as electricity and nuclear energy.

- 2. Plan and conduct a visit to an installation which processes the wastes
of society.

‘3. ~ Suggest mvestlgat:ons that will illustrate the effects of waste products
from engines upon plant and animal life.

: THE PROCESSES OF SCIENCE
Guideline Ill. The science experiences for elementary teachers should
develop competence in inquiry skdls or processes of scientific inquiry. .

® What processes has the institution |dent|ﬁed as important

characteristics of scientific inquiry?
- . ® What evidence is provided that teachers make use of 'process
" skills in their study of science?

® What evidence is provided that teachers contmue to use
these skills in their own teaching?

® What is done to develop an awareness of instances in which
commonly accepted - scientific laws break down?

A. Observatlon and inference. The teachers will distinguish observatrons

“and evidence from inferences: and conclusions, and will demonstrate his
- ability to make reasonable mferences when - presented wuth emomcal data;

For example:

~ 1. Given data concerning the fOSSII records of a region, voluntarlly con-
; struct inferences concerning its geologic history. '

2. Construct testable inferences to explain the unusual growth rate of a
plant without being asked to do so. :

B. Variables. Through the observation ‘of a phenomenon the teacher will

'be able to state a problem to be investigated, identify the variables which

affect the results of the mvestrgatron and how and why thej are or are not
controlled

-C.. Deﬁnlhons. The teacher wrll dustmguush between operatuonal and con-'

ceptual defmntnon

D. Measurement The teacher wnll demonstrate the measu'ement of varl-‘.-

ables_such as length, mass, force, time, temperature, and volume in ‘standavd

and .arbitrary. ‘units and estimate the error of. measurement The followmg .

areas 'should be included:
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and their relationship.

Determination of Magnitudes

Finding rate of change, given measurements that change with time
Probability and uncertainty

E." Classification. The teacher will construct a classification scheme for
a set of objects, given objects which differ in more than one way. Use a
given classification scheme to identify living and nonliving materials. Objects

from the biological, physical and earth sciences should be used for classifica-
tion. :

F. Organization of data. The teacher will collect and organize data and
describe the rationale for the organization. s :

1. Present data obtained in a science experiment by describing, drawing
a diagram, graphing, or tabulating. s
Construct a graph of data collected which shows the volume of a confined gaé
as a function of temperature. )
G. Constructing hypotheses and generalizations. The teacher will construct
a hypothesis, or -generalization based on data or a question. - ]

1. Construct a hypothesis to explain an unfamiliar phenomenon: demon-
strated by the professor or shown in a film clip.

B H. Testing hypotheses. The teacher will construct an experimental test of

a hypothesis. inference, generalization, ,or question.

- 1. Test the validity of the hypothesis made to explain an unfamiliar phe-
nomenon by performing an appropriate experiment.

I. Modifying hypotheses and generalizations. The teacher will accept, reject,

or modify hypotheses, and generalizations based on new data and describe
the basis of the decision. ~ :

1.. Modify a generalization and justify ~the rﬁodification on the basis of
empirical data or of assumptions of a theory. ‘

Modify a ‘hypothesis concerning the volume of a confined gas as a function of
- - temperature by restricting the range of temperatures over which the generalization

.. is expected to hold. /
J. Verifications. The teacher will demonstrate a recognition of the need
for additional information in some situation by searching out the information
or designing an experiment. : -

1. When confronted with alternative interpretations of data which are ob-
tained, check the results by returning to the labb{ragory or referring
- %o a reference work to obtain additional data. -~ -
K. Communication. The teacher will describe an experiment oraily or in
writing with sufficient clarity -that another person could replicate the .experi-
meint. Sy -~ ‘ R 1 B
L.- Model Building. The'teacher will devise and use & mathematical or phys.
ical mode] of the system being studied which\cqntains the essential variables

1
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_in planning and implementing these science programs.

Suggested Topics -

SCIENTIFIC KNOWLEDGE

The elementary teacher should possess a background of science informa-
tion. It is unreasonable and unnecessary to expect elementary teachers to
learn all of their science while they are teaching it to children. Yet elementary
teachers frequently complain that this is precisely what they ‘are required %o
do because they see no relationship between the content and mode of instruc-
tion of their college courses and science they are expected to teach.- Efforts
should be made tc relate the science topics that are taught to teachers to the
science topics that are taught to children.®* The college professor must con-
stantly remind himself that the teachers will not become research scientists.
They may benefit more from qualitative and semi-quantitative treatments which
are correct but incomplete than from rigorous arguments which depend on
mathematical sophistication or logical subtleties that they unprepared to
follow. T

To accomplish the objective of providing appropriate science education for
teachers, professors of education and professors of science must cooperate

Guideline IV. The cq_nteﬁ; of college .;ciénce expenences fogqlemnwry
teachers shouid be selected so ihat the topics studied by ieachers provide,
as & minimum, an adequate background for the topics taught in elementary

~ schools. , 5

® What evidence is there that the topics treated in the coliege
‘ science experiences fbr teachers prepare the teacher to deal

» effectively with science in elementary schools? S
® What mechanism is used to assure that the college experi-

ences are periodically reviszd to reflect changes in science

-~ at the elementary school level? ] : _
- ® What mechanisms of communication are used -to ensure
that the college periodically feexamines and revises,its pro-
“ grams to reflect changés at other educa?tidnal,levels.
“-&"What evidence is there that the content is ‘structured to
" require the teacher to utilize the fundamental concepts of
‘ science as & unifying rationale for all natural phenomena?
. - . 4o

- -

- [EENAEN
b

A. Composition characteristics and stiuei{ure of ma;te_r?’i The teacher will
describe observations of living.and nenliving objécts in "tvert‘ns‘ of their physical,
chemical, and biological composition, characteristics, and structure. ‘He will

demonstrate -the use - rhe particle nature of matter—molecules, atoms,

1 This does not mean that the content of the college course should b2 dictated by elementary 'pro-
&nnfs or that the level of treatment need be the same as that in elementary science, It does mean

at . care should be taken to consider the science that - elementary teachers will. be teaching,
that those concepts that they will be expected to teach will be dealt with in college courses, that
attempts will be made to. point out the relationship between what teachers - study and what they will
teach, that sophisticated treatments of theoretical topics will be delayed until the teachers' have mas-

red the simpler underlying ideas. R e

18 See Appendix C for a further development of this topic.
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atomic nuclei—and kinetic theory to explain the observations he ' describes.
The following areas should be included:

Physical properties such as density, wscosnty, pressure solubllity elas-
ticity, surface tension

‘Physical changes in physical, biological and geologlcal systems

Morphology of living things

Atomic theory. A

Kinetic theory

B. Interactions of matter. The teacher will describe- observed mteractrons
of living and nonliving matter using concepts such as forces, electrical charge,
magnetic fields, biological tropisms, and food webs. He wiil construct hypoth
eses and tests of hypotheses concerning the observed interactions.

C. Conversion and conservation of energy. The teacher will demonstrate

the ‘conversion of energy from one to another, will measure the amounts of
energy transformed, and will search for sources of energy loss when'observa-
tions appear to contradict the generalization that energy is conserved The
following areas should be included: » :

- Transfer of energy

Transformation of energy in living and nonhvmg systems

Conservation of -energy :

Energy carried by waves

D. Growth and reproduction. The teacher will describe the processes off

growth-and reproduction in plants and animals including man.

E. Evolution and genetics. The teacher will construct mferences about the
long range effects of selective mating and genetic mutation.on plant and
animal communities and sometimes including human commumtles and - so-
cieties. Topics should include the following. S

‘Variation

Adaptation

Mutation

Principles of Evolution and Genetlcs
Structure and Function

F. Ecology. The teacher will describe the mterartnons which exist among,

living organisms in ecosystems.

G. Human perception, learning, and behavior. The teacher . will descrlbe
the neurological hasis of perception, ‘learning, and behawor (R

‘H. Conceptual structure and world view. The teacher will descnbe theﬂ

nature of the earth, the universe and the biotic world and construct physical

and mental models that can be used fo explain natural phenomena they en-

counter. The following areas should be considered: PR
Observational astronomy ] EO L
‘Historical geoiogy ST :

1. The development of scientific :deas. The teacher wﬂl descrlbe the reia- -

19
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tionship of the progress of science to the development of modern thought.
The unknowns of science as well as the knowns
The failures as well as the successes of scientific endeavors
The relationships of scientific disciplines to each other

J. Social implications of science. The teacher will state evidence of changes
in society and culture that have resulted from: the products of scientific work,
and of the influence of social conditions on scientific activities.

Relationship of science to the progress of civilization
The cybernetlcs aspects of scientific thought and social phenomena

CONTINUOUS LEARNING '

Scnence experlences should develop in teachers habits of contmually seek-
ing new information, of testing old concepts against -new-ideas, and of modi-
fying their instructural procedures if new information about science or learning
suggest modification. The way in which science is taught can have a significant
effect on developing_these habits in teachers. Developing the habit of con-
tinuous learning in teachers is probably the single most important outcome
of preservice education. Without the habit, a teacher will quickly become
obsolete and ineffective; with it, he can continually improve his teaching skill
and effectiveness. Without the habit he will have difficulty coping with future
changes in elementary science educatlon, with it he will welcome the challenge

- of change.

Guideline V. Scwnce experiences should be selected so as to develop

" ‘a capacity and disposition for continuous learning which the teacher should

demonstrate by engaging in science activities which will provide new in-

- formation and experiences capable of affecting existing attitudes, ideas, and
_ teaching. ‘

e What experiences are provided through which the teacher
;:an? develop a capacity and disposition for. continuous learn-
ng

o What evidence is there that new information and experiences

affect the teacher's attitudes, ideas, and teaching?
e What encouragement and opportunlty are given to' teachers
. exhlblting these behaviors?

Objectives

_A. Capacity and disposition for continuous learning. The teacher will dem-
onstrate -his capacity and disposition for continuous learning by habitually

- engaging -in activities which will provide new.information capable of affectmg
- existing attitudes and ideas. :

- 1.~ Identify and describe view points on contemporary sc|ent|f|c |ssues and

~on the learning process as presented in current llterature, or through
personal contacts. ‘ .

Describe arguments for and against the use of an insecticlde and suggest pos-

sible safeguards, after reading an article about potential damage to, wuldlife from‘

‘uncontrolied use of the insecticide.
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After reading about some recent reésearch on the learning process,’ infe},the

implications of that research for eiementary school programs. )

2. Demonstrate the ability to obtain relevant information on scientific

and educational issues. : , : e

Locate historical accounts of experiments. p "i'taining'"to Mende!'s law.

Identify sources of analyses of educational f)hilosophies. ' ) ‘

3. Identify possible interrelationships between events in different fields
of knowledge. , « S

After reading an article on physiciogical changes brought on by malnhtritiori,
consider whether such changes might affect the learning behavior of a child from

4

accordingly.

After reading an article on the use of performance objectives, develop skill in
writing them by reading books such as Preparing Instructional Objectives by Mager
and discussing his work with informed colleagues. '

- After hearing that irregularities in the gravitational field of the moon. have
" introduced an unexpected hazard in landing men on the moon, demonstrate his

ability to use current popular oy semi-popular scientific periodicals to obtain.
information about the cause of the gravitational irregularities. .-

Specialist Science Teachers

In the above list of competencies no distinction js made between the person
ho will teach in a self-contained classroom and the special sciance teacher.

etencies their teachers should possess. Thus, it is the nature of the science
hat is to be taught in elementary schools rather than the instructional organi-
ation that dictates the requirements of the praservice program. The important
uestion is ‘what any teacher who teaches science should be qualified to do.
t the_same time the desirability of having some teachers who can do more,
fully recognized. ‘ (
The science specialist may be defined as a person who ‘assumes a leadership_
le in the development of curriculum materials and the inservice education
ather teachers. The specialized part of the education of this kind of science
ecialist s commonly postservice rather than preservice, and 2 description
the unique set of behaviors required is beyond the scope of this report,

Are The Conipetencies Reasonable? -




« o e s e

modern high schooi courses. It cannot be overemphasized that the teacher is
expected to exhibit certain competencies, not to amass a certain number of
credits in college science. If a teacher can measure mass, length, temperature,
volume, and time when he begins his first college science course, activities
designed to teach him to do so areé a waste of time. If he has demonstrated his
ability to construct a classification scheme for plants during college experi-

_eices in the biological sciences, it is unlikely that extensive experience will

be required before he can do the same thing with rocks and minerals. There is
every reason to believe that the proper coordination and individualization of
science instruction can eliminate needless repetition and conserve consider-
able time needed for other activities. .
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CHILDREN, TEACHING, AND SCHOOLS

Everyone would agree that to teach science a teacher must know something
about science; he must understand the attitudes, the principles, and the pro--
cedures from which the scientist operates; and he must be -able to operate
within this same framework, though at a different level of sophistication. Even
it the science experiences produce the attitudes, the knowledge, and the
process skills described in Chapter 2, there is no assurance that the teacher
will.be able to communicate science to chitdren. It is one thing to. believe in
conservation of substance; it is another to select activities which will,convirice
children that such a generalization is plausible. It is one thing to be able 0
observe, classify, define operationally, or to make. and test a hypqthesis; it is
anotherto lead children to do the same. : , D

This chapter provides some description of the experiences with childres: and
schools that may facilitate development of skills required to teach science to
children. The USOE Model Projects have been closely examined and an effort
has been made to make these recommendations compatible with the Models.
Reference in this-chapter is purposely made to the teaching of science, al-

though most of the behaviors that are described may be appiicable to other

areas. . . \
There may be some argument that the behavior's regarding human relations
that are described in this chapter should be used as criteria for screening
students seeking entrance into teacher education, rather than as abilities-to
be developed as a part of the preservice program. However they are viewed,
they are behaviors crucial to effective science teaching. R

i

. A Suggested Program

Much of what prospective teachers must learn about teaching will develop
out of carefully planned experiences with children and schools. Early experi-
ences of the teacher with children in schools shiould occur during the first-or
second undergraduate year when the prospective teacher is enrolled in science
and other courses which provide background for: his future career. These early
experiences may involve in-class observations and part-time work as a teaching
aide but many of them .could be simulation experiences presented by film or
video-tape and designed to focus attention on particular science - teaching
strategies. Provision should be made for the teacher to suggest possible
strategies that he might use at critical points in the lesson. T
The observations and stimulated classroom episodes should be followed by
opportunities for students to teach science lessons; first with one -child in
a tutorial, later to a small :group in a microteaching format, and.finally, ina

23




self-contained classroom or as a member of an instructional team. Many oppor-
tunities shouid be provided for the student and professional staff to evaluate
the student’s teaching performance. Only when the student shows proficiency
in teaching science in a small group teaching situation should he proceed to
work with larger groups with all of the complex interactions which characterize
the science classroom. ) « ’

(deally, the preservice experiences would culminate in an ‘internship pro-
gram or assignment to a portal school.** By this time the teacher would be
largely self-divected. He would be paid for his work in the portal school and
would teach without constant supervision. However, experienced teachers,
psychologists, consultants, supervisors, test specialiéts, and others would be
available for consultation should the teacher be faced with a problem he is
not equipped to handle. Aiter one or two years of service the teacher candidate

would be recommended for ceriification as a fully responsible teacher.

Inherent in this model is the assumption that universities, teacher educa-
tion institutions, and schools can and will develop a coalition for the prepara-
tion of teachers. There are compelling reasons to do so. There should be a
consortium of schools and institutions engaged in the preparation of teachers,

“so that there can be close cooperation in planning and carrying out teacher

education programs. Regularly scheduled conferences of representatives-of the
colleges and the schools are recommended. Visits to schools by college staff
members can-be beneficial both to college faculty and to teachers. We can no
longer afford to send teachers into schools with new ideas they are never
allowed to implement and to be faced with demands which they are unprepared
to meet. The establishment of adequate relationships between colleges and
schools is one of the institutional standards set forth in Chapter 6.

Cooperative institution and school activities provide for interactions among

faculty and administration from both levels. A consortium or cooperating group -

would of course be concerned with the entire teacher education program. _In
addition, attention should be given to special areas such as science teaching.
Scientists and science educators from the institution could become more
familiar with ‘problems and helpful strategies in. elementary school science
through teaching in the schools. Elementary school teachers could be con-

sulted in planning college science programs in order that these more realis-
tically reflect the needs of teachers. o

The behaviors of science teachers outlined below- are presented as a sample.
They represent the skills and competencies that the experience of conference
~ participants believe to be characteristic of successful elementary teachers. Re-

¥ The term “portal school” is borrowed from A Model for the Preparation of Elomsntarg School
Teachers developed b Florida State University under USOE Grant No. Vogel OECO0-8-089021-3308(010).
The term refers to schools which have cooperziive agreements with universities for the preparation of
elementary teachers ‘and have “principals and other status leaders . . . favorably inclined toward in-

novation . . . use some of the ‘new' curricula . . . in mathematics, science, or. social studies . . . will
ba employing organizational arrangements that include utilization of'%an-profcssiomls and teacher
aides . . . [and] will make considerable use of nev teaching media.” P. 118,
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Ports from the USOE Model Projects were especially helpful in the development
of these guidelines,

: Guideline VI, The institution, working cooireratively with schools,
) should provide experiences with children and schools so designed that the
teacher develops the skills required for effective instruction in the science

® What skills has the institution identified as required for
effective instruction in science? )
® What systematic method of recording or describing teaching
performance is used to enable prospective teachers and staff
members to analyze the extent to which instructional skills
‘ are demonstrated? . 7
; | ® What evidence is provided that plans for the experiences - ;
l with children and schools have been deve::bped Cooperatively |

R

1. Identify objectives appropriate to developing (@) intellectual or process
skills, and (b) concepts in science.
2. Identify examples of objectives which relate to systematic thinking,

From a list of science objectives, identify those which require the pupil to use
application, analysis, or Synthesis as defined by Bloom.18 . :

3. Identify examples of objectives which relate to creative thinking.

From a list of science objectives, identify those which reqi:ire the child to
formulate a Concept on his own, or to plan an investigation without assistance,

4. Select objectives for his class in terms of the unique needs and charac-
teristics of -his group and individual children in the group.

5. Identify or construct instructional modules or units which contribute to
specific goals of science teaching, ,

LA et ot i

=~ @Given the objective, “The pupil will be able to distinguish facts from conjectures
or inferences in a variety of situations,” select or construct instructional materials
which contribute to the accomplishment of that objective, s

1 Other excellent lists of behavioraj scpeciﬁcations may be found in re rts of the USOE Model Pro.
ects; see A COmpotencyABased, Field Centered, Systems Approach to Elementa Teacher Education,
ortfuwest Regional Educational Laboratory, Uso Contract No, OEC-8-089022.3 18(010). Vol. 1, pp.
54-62; Vol. 2, Appendix F and Appenape : |

3 Benjamin S Bloom (ed.). Taxonomy of Educational Objectives: éognitlvo Doma{n. New York: David \ }
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B. The learning environment. The teacher will demonstrate the organization

‘and maintenance during instruction of a classroom environment which fosters

inauiry.

1. Schedule class time to allow for both group and individual activities
: designed to accomplish specific objectives.

- 2. Demonstrate the introduction of a science activity in such a 'way that
pupils are motivated to conduct investigations.

~3. Create an atmosphere in which children participate freely in planning,
carrying out, and interpreting resulis of investigations.

4. Use questions 0 assist children in conducting an investigation without
telling-them what to do or giving away the expected results.
5. Arrange instructional resources in the classyoom to maximize pupil inter-
action with the materiais.
Collect materials locally to be used in an exercise on classification.
6. Locate and use instructional resources available in the school and com-
munity.
Locate resourég books for children to read on the care of animals in the classroom.

7. List sources of science materials.

Identify at least three sources of chemicals that might be used in elementary
classrooms.

C. Instructional strategies. The teacher will demonstrate the ability to select
and use a variety of learning: strategies appropriate to various learning require-
ments. . . ‘ .

1. Given an objective for science instruction, select materials, media, and
activities in terms of the needs and characteristics of his group and the
individual children in the group. o

2. ldentify instructional materials and learning activities for different jearner
interests and capabilities.

3. Encourage ‘and enable the children to plan, carry out, and interpret the
results of class or individual investigations. ‘

Mo_.di(fy planned strategies as a result of unekpected pubil Aperforrhance.
State the basis for his selection of learning strategies.

Demonstrate the ability to use effectively both the hardware and software
of instructional technology and the willingness to learn ‘how to use new
technology. ' ) ’

.D. Constructing a sequence of learning activities. The teacher will construct

a sequence of learning activities on the basis of long-range objectives and
knowledge of prior pupil performance.

1. Select, or construct, alternative learning activities when pupils demon-

strate that they have achieved the objective of a science activity prior

to its being carried out. o o '

o
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2. Select, or construct, alternative science activities when the prior insﬁruc- |
tion has been unsuccessful.

3. Construct appropriate and significant science activities for pupils whose

lack of achievement indicates that they are not ready to continue with
the rest of the class. '

4. ldentify a learning sequence appropriate to the development of skills and

attitudes which may emerge over a long (at least two-month) time
interval.

5: - Identify the experiences, information, and conceptual knowledge pre-
requisite to specific science principles, laws, and theories.

6. Relate curriculum and methodology to the development of logical
Processes in children. ' :

E. Evaluation of pupil progress. The teacher will demonstrate the use of
various individual and group assessment devices to determine whether speci-

fied objectives have been met and other desirable outcomes have been
achieved. -7

1. Select, or construct, snd administer science assessment items which

require pupils to use concepts in new contexts and inquiry skills in new
problem situations. :

2. Distinguish between acceptable and unacceptable responses to assess-
ment items in science. ‘

3. Use various assessment devices to determine the degree to which pupils
possess necessary prerequisites for a learning task in science.

4. Use the results of evaluation in Planning subsequent science learning
activities. ' 7

' 9. "Describe the results of evaluation to pupils and parents so that it is

clear whether the pupil is or is not making reasonable progress in

science. " . I

. : RELATIONS WITH CHILDREN

" Guideline VII. The institution should insure that the teacher possesses
skills required for effective human relations with children in the class.
room. by carejully and continually screening - candidates for the teq.her
education progrem. and providing experiences in which students develop
the desired behaviors. S
: SN ® What skills in relations with children must the teacher dem-

-onstrate in order to be recommended for certification? -

® What screening procedures and learning ‘experiences are pro-
vided to assure that teachers possess the desired behaviors?

Objectives v o L ' o ,
A. Recognition of the importance of individual children. The teacher will

demonstrate ‘the ability to accept pupils as individuals by responding to mani-
festations of individual differences .in .a controlled manner, o

Nl
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Demonstrate ability to guide pupils who are creative, who ask probing
questions and who present challenging ideas in science. -
Exhibit competencé in working with the pupil who has poor manipulative
skills in handling equipment or who is slow in acquiring process skills
by providing experiences in which the child can succeed, by giving words
of encouragement, and by deferring required performance when the
child shows evidence of extreme frustration. -
Demonstrate empathy, appreciation, and ability to work with children
of divergent backgrounds and interests that affect their motivation for
participation in science experiences. .
Demonstrate empathy toward pupils with personal problems by modify-
ing requirements for the individual and obtaining professional outside
help where necessary.

Encourage the child to express himself in those ways which are most
familiar and understandable to the child, in speech patterns other than
the conventional, allowing the child to express himself in a variety of
ways, such as through pictures, demonstrations, models, and role play-
ing activities. V
Demonstrate faith in the ability of each child to make a valid contribu-
tion to the solution of the group’s problems by listening to and accepting
the ideas and suggestions of each pupil.

Demonstrate the ability to assist pupils in becoming more sensitive to
the needs and capacities of other pupils, by encouraging them to ask
questions of each other, to respond to the questions posed by other
pupils, and to plan together to solve problems.

_ B. Showing confidence and flexibility in relations with children. The teacher
will demonstrate confidence and flexibility by making reasonable alterations in
teaching procedures in the face of unexpected events.

1.

28

Demonstrate self-control over attitudes, feelings, and emotional reactions.

as shown by voice quality or facial and body gestures when responding
to children, and ability to listen to children with interest and involve-
ment.

Demonstrate confidence in his knowledge of science by failure to display
frustration or embarrassment in the face of questions that he cannot
answer, SN

Demonstrate the ability t¢ turn ambiguity and unpredictable events

which occur .during the course of a science investigation into learning -
‘experiances. - '
Foster an atmosphere in which individual children and small groups:
-can work independently in science. ' ‘ o L

‘Demonstrate the ability to guide children in making plans for a science

activity without making the decisions for them.
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6. Demonstrate the ability to assist pupils in carrying out and in interpret-
ing the results without telling them what must be done or what con-
clusions are reasonable.

RELATIONS WITH OTHER TEACHERS AND THE ADMINISTRATION

In his preservice years the teacher must learn about relationships among N
members of the school staff. He must be able to work effectively with parents, j
administrators, and other teachers. The development of these abilities is the
concern of Guideline VII. Guidelines of the USOE Model Projects also provide
needed guidance on the development of these important competencies.

When he assumes a teaching position the teacher- may be asked to partici- ! 3

pate in any one of a variety of organizational patterns for instruction. He may | ’

be a self-contained classroom teacher with much or little assistance from help- *

ing teachers, principals, or other supervisory or administrative personnel. He

: may work as a member of an instructional team, a practice that can be effec-

‘ tively used in teaching science. It will be important that he understand the

role of the teacher, assistant teacher, teacher aide, educational clerk, media

aide, science consultant and other members of the instructional staff or team.

He should be able to work effectively with all of these people in planning and
executing science instruction. —

In this section and the one which follows, Relations with the Community, the
competencies identified apply to all teachers and, in general, are not unique for
teachers of science. Nevertheless the importance now placed on science, and
the concerns about science felt by many, make these abilities of special im-
portance for the science teacher. The authors of this Report and the confer-
ence participants are convinced that these competencies should not be over-
looked even when attention is focused on science education. ’

Guideline VIIl. The institution should provide experiences which will
enable the teacher to develop cooperative working relationships with other
teachers and administrators of the school faculty which he joins and to
work effectively in a variety of organizational patterns for science instruc-

‘ tion. — : 4
z ® What evidence is there of the kind of relationships that the
student has established with other school personnel?
® What kinds of experiences are planned to assist .the teacher
in developing a sensitivity to the needs, interests, and re-
sponsibilities of others? o s
® What experiences are provided in which the teacher func-
tions in several different modes of science instruction? .
® What evidence shows -that the experiences provided are
effective in developing the desirec competencies? 5
A. Relations with other teachers. The teacher will demonstrate his sensitivity
toward, and respect for, other teachers as persons-and as professionai’ col-
leagues. He will show appreciation for the contributions .of other teachers to

the total school program, to the science program, to each other, and to him.
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1. Demonstrate respect for the opinions of others. Listen to what others
have to say about science and science instruction. Seek rational bases
for the views of others when they are different from his own.

2. Seek assistance and counsel from more experienced colleagues, includ-
ing secondary school science teachers, and take appropriate action.

3. Demonstrate the ability to tolerate differences in values, language, and
behavior patterns of other teachers. h

4. Demonstrate self-control by not showing frustration or anger in the face
of probing questions or ideas which challenge his own position.

5. Exhibit courage and confidence in his ability b} taking considered action
that may be criticized by others. Agree or disagree with policy set by
teacher groups and give reasons for his position. ‘

6. Demonstrate the ability to show appreciation for the -achievemé_nt bf
his colleagues, and recognition given this achievement.

B. Relations with the administration. The teacher will demonstrate the same
sensitivity toward, and respect for, the administration of the school, as he
shows for his fellow teachers. The behaviors described under A are applicable
to administrators as well as teachers, and there are, in addition, some special
relationships which he needs to be prepared to carry out with emotional
maturity. - , :

1. Demonstrate respect for the authority that the school system has placed
in the office of the administrator. -

2. Where differences of opinion arise concerning the science program, pre-
sent evidence in support of the teacher’s point of view.

C. Relations as a member of an instructional team. The teacher will demon-
strate the ability to contribute to cooperative team planning of science instruc-
tion, and to work in a team without alienating others or becoming alienated.

1. Demonstrate the ability to cooperate in team planning by negotiating
- and accepting compromises Wwhile developing or prescribing science
activities to be carried out by the cooperating team. :

2. Modify teaching behaviors consistent with cpoperative teaching.

3. Direct a teacher aide in a task subporting the team effort without alienat-
ing the aide. -

4. Modify the directions given to supporting personnel on the basis of their
suggestions. ,

5. Accept directions or help from another member of an instructional team
in science without demonstrating personal disaffection.

RELATIONS WITH THE COMMUNITY
In his preservice years the teacher must learn about schools and their rela-
tionship to the community. He must be able to work effectively with parents.
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He will be called upon to meet with community groups interested in the
schools, and he should be prepared to listen to their ideas and present his own
in a straightforward and confident manner. The importance now placed -on
science by many in the community will provide the science teacher special -
opportunities to discuss his school’s science program. As a part of his prep-
aration to work cooperatively with the community; he must learn about the
, school as a part of the community and. the school as an essential part of a-
democratic society.

Guideline IX. Experiences in schools and in a community should be
provided to develop a sensitivity toward, and an appreciation for, the
school as a part of the community. and as a democratic institution, and
for individuals in the commaunity. 3 ’

e What kinds of experiences are planned to assist in develop-
ing a sensitivity for and an appreciation of the valiles of the
community in which he teaches? - P

e What kinds of experiences are planned to enable the teacher
to learn about schools as an essential part of the community
and national well-being?

* e What evidence is there of the kind of relationships . the
i teacher establishes with adults of occupation and interests
different from his own?

A. Relations with parents. The teacher will demonstrate his understanding
that good relations with parents can be an important asset in the development
| of an effective science program. ‘ -

1. Describe the results of evaluation to parents so that it is clear whether
the pupil is making reasonable progress in science. -

2. - Recognize the personal concern of a parent for his child, and show
respect and appreciation for this concern. '

3. Show patience when a parent values his child's welfare above that of
the class as a whole. :

4. Yemonstrate respect for the opinion of parents. .

5. Encourage parents to relate out-of-school science experiences in which
their children are involved. o ‘

B. Relations with the community. The teacher will take into account the
local community values and institutions as he works with his class and in his
school, and will demonstrate an active interest in local community values and
institutions. a ~
1. Demonstrate a knowledge of the science resources of a community and
. | the ability to capitalize on these resources to create a more effective
. teaching situation in science.

e

an: S I [ i

i,. o ’5 tc’hildj’s t;;arent whio is a scientist is invited to assist children with individual
r udy projects.
I, , ' A visit to a conservation dam is planned. -
i v
X 2. Present science experiences which allow pupils to reexamine prejudged
; ‘va!,ues and stereotypes.

31

= - - - - - 2 e s e b A s




3. Become aware of local values, including attitudes toward science and
science education.

4. Demonstrate an active interest through participation in local community
- affairs.

5. Indicate through his actions an acceptance of the people of the com-

munity though he may disagree with some of their values and mores.

C. The School as a democratic institution. The teacher will demonstrate his
knowledge of the school as a part of a community, and as an essential demo-
cratic institution in society.

1. Demonstrate pride in his school and his profession, and in the kinds of

32

science experiences that children in his. class are having.
Recognize the role of the school in community life. "
Take an active iriterest in local, state, and national affairs that affect

-education and its support.
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THE TEACHER AS A LIBERALLY EDUCATED PERSON

This Report would be incomplete without full recognition of the importance
»f liberal education in the preservice education of elementary teachers. All
eachers must be liberally educated persons, and consideration of this require-
ment must be foremost in the development of teacher education programs. But
the seven conferences were not structured to involve all of the many persons
who must have a part in the planning and carrying out of liberal education
programs. Because of this, no attempt has been made to provide gundelrnes for f
iberal education, even though this responsubuluty of teacher educatlon institu- %
tions is clearly recognized.*®

Liberal education is commonly defined by a prescribed number of courses
in the humanities, social sciences, natural sciences, and the arts. Robert Bush
describes it as “‘an education which liberates the mind from the shackles of
prejudice and superstition and the confines of a single culture, that pe: mlts
one to move freely and joyfully in the past and the present and to speculate
objectively with his fellow men about the future.”’ 20

Such a definition admits that a liberal education is not achleved by the
simple acquisition of a_core of kncwledge, however. complete it may be. It
must include an understanding of the interrelationships among |deas and
people. It is an active pursuit which never ends. ’
~ Many activities other than formal courses can contrrbute to a liberal edu-
cation. Colleges provide valuable informal experiences in the form of concerts, .
lectures, and plays; in some colleges, students attend these activities; it none
are they a way to satlsfy requirements for graduation. Is it not possible to .
encourage participation in these and other informal activities as a means of
satisfying the need for a liberal education? Why not provide areas in dormi-
tories or in student centers where students can paint, ‘make pottery, and do
wood or metal work? Off-campus experiences such as living or working in a
ghetto area, visiting courtrooms or hospital emergency rooms, or working for
agencies where the student would have close contact with segments of society
with which he lacks familiarity could contribute to the student’s education in
a way that is impossible through formal study.

__Far too little has been done to recognize the contrlbutuon that such activities
can make toward the education of the liberal man. Procedures can and should
be devised to include informal learning experiences in the. liberal education
program, to devise a means to assure that the experiences resu!t in the learn-

et et o\ or b e il e =+ i e R A s 8 e+

1 Ses footnote 6, p#e

% Robart N. Bush, Formative Years” in The Real World of the Suinnln ncher Report of ‘the
1965 Conference of the National Commission on Teacher Education and Professional Standards,
National Education Association (1966) p. 4 ‘
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ing that was intended, and to recognize the contribution that is made to the
degree program.

Informal experiences can help students relate ideas to the “‘real world" of
people and social institutions and to associate the ideas from one field of study
with those from another. But the organization of formal courses rmust also be
considered. There is a place for interdisciplinary courses and a great deal mere
can be done in courses within a discipline to relate ideas to other fields. Certain
lectures by sociologists could contribute to the course in biology, historians
could contribute to the course in chemistry, anthropologists have something
to say about ancient history, economists about urban culture, Such possibilities

are limited only by the energy and imagination of the professor.

Appropriate science experiences can also contribute to the liberal education
of teachers. However, as Arnold Arons points out > “little of . . . the intel-
lectual component of the study of science has penetrated the text books and
other course materials used in general education programs.” It is not enough
simply to teach students the results of scientific inquiry and to expect them
to develop intellectual insights into the scientific process by themselves. To
be liberally educated in science, teachers should learn that scientific concepts
are created by acts of human intelligence and are not merely objects that are
discovered. Arons suggests, for example, that it would contribute to the liberal
education of a student if he were to understand that Galileo intuitively selected
the concept of falling bodies, change of ‘velocity with time, rather than “the
alternative, equally logical, but less elegant concept of change of velocity with
distanice. By means such as this students would “have the opportunity to
examine what happened, to relive some of the intellectual ,expe'rience, and to

analyze and assess the line of thought, recognize its logic, its strépgths and-

its limitations.” 22 ' A ,
Three questions must be considered by those who design experiences for
teachers in the aréa of liberal education: How does one equip ‘the “teacher
emotionally and intellectually for the uncertain world of the future? How does
one develop the capacity and disposition for continuous learning? How does
one develop a sensitivity toward and appreciation for individuals—including
those individuals whose ideas are different from his own? ,
- The acquisition of the behaviors described in the objectives of Chapters 2
and 3 will contribute to the goals implied by these questions and thus’ con-

~ tribute to the liberal education program.

in this age of rapid social change, instant communication, and acceierated
technological development, the need for better understanding among individ-
uals from different cultural traditions is more important than ever before in
history. Our society is troubled by individuals who question the values of our
institutions and the effectiveness of our political systems. Society is confronted

. "“Sclelngg: The Art of Inquiry,” Arnold Arons, in Change in Hicher,Eddcaﬂon. -May-June 1969,

Ad 3 L
' "m’ld.~ p. 33
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by the fact that various ethnic groups have been deprived of opportunities that
are taken for granted by others. The disparity between the material wealth of
different nations is forcefully displayed by the mass media. Ail of these forces
compel each individual to question his philosophical position and his obligation
as a citizen of the world. Surely a liberal education should prepare teachers to
face these and other social issues openly and with rational consideration.

Educators must face the fact that much of what we teach today will be
obsolete or irrelevant in the near future. Perhaps the most important character-
istic of the liberal man is his ability to keep informed and his willingness to
adapt to changing conditions. We must educate for the future.

- Experiences that prepare teachers for the future—that prepare them for
continual self-renewal and-rational. adjustment to inevitable change—are an
essential part of their preparation. Experiences in science: and. with “children
and schools contribute to the development of necessary attitudes and skills
but they will not be sufficient. It will be necessary for many other groups to
give serious consideration to this problem and to provide the needed guidelines

and descriptions of b_éhavior that characterize the liberal man.
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RESEARCH AND DEVELOPMENT

Development Projects

Science Programs

College science courses should be developed which will accomplish -the
objectives outlined in Chapter 2 and which will provide a more appropriate
model for teaching science to children. Several new promising science courses
for-college students who are not science majors have been prepared in recent
years. Howevar, performance specifications are not stated for these courses and
little provision is-made for individualized instruction. The relationship between

what is taught in the courses and what is taught in schools is not always clear.-

It is possible for each institution to develop its own science materials but
the persorinel and finaiicial resources that would be required for the under-
taking that is envisioned preclude this procedure. It is desirable that sets of
materials be developed by a number of different groups so that the teacher

education institutions will have several programs from which to choose. The

programs should be developed cooperatively by specialists in sciénce and
specialists in education, including educational psychologists. -The materials
should be field tested and carefully evaluated before they are widely used.

- Some 5uggested characteristics of a science program for teachers are outlined
below. ) - ‘ .
¢ Objectives: The science requirement for elementary teachers and the in- -

structional materiais that they would study would be based on perform-
ance objectives. With necessary elaboration and modification the objec-

tives outlined in Guidelines | through V could provide the framework for ‘

these specifications.

o Assessment: Assessment devices which correspond to the performance
- objectives would be developed to evaluate quantitatively the effectiveness
of the instructional materials. The quantitative results of performance
assessments should be the major criteria in deciding on needed revision
of the instructional materials. ~ .

* Individualized instruction:?* The instruction would be individualized so that
students can satisfy the requirements in different ways and in different
lengths of time. In support of the individualized instruction, entry level
tests (Does the student possess the prerequisites for the course?) and

¥ Both the Intermediate Science Curriculum Study (ISCS) at Florida State University and the Audio
Tutorial program at Purdue University have characteristics of individualized instruction.” Although

neither of these provides an exact model for the matoﬂals that should be developed, each ccntains .

ideas that could be incorporated.

- -

:36 o -

d

P2

P

'
o AR el Y i o i b i W i T

Y TR SEPN




diagnostic tesis (What competencies in the course does the student al-
ready possess?) should be designed. Students who demonstrate a particu-
lar competency before instruction would by-pass aCthltleS .designed to
develop that competency : :
e [nquiry: The lnstructronal matenals |n the proposed science program
would- emphasize the processes ‘of-science as well as scrence concepts.
Process is used in a broad sense; emphasrs should be on deve!oplng the
skills of screntzt" ic inquiry rather ‘than on accumulated knowledge )

e Concepts: A sclence course whlch emphasrzes process should also teach
science concepts. Concepts should be drawn from areas normally treated
in the new elementary science courses. v TR

Laboratory: The course would be orgamzed around the laboratory,'“,E in
the broadest sense of the word, including field work, and students- should
have opportunities to conduct investigations of their own desugn Student
progress should be checked frequently and remedial actlvrtres or a'*erna-
; - . tive exércises prescnbed when they are needed. oS

: ° lntegrated sequenceS' The scuence expenences for elementary teachers
’ ' _would comprise an integrated sequence including physical, biological, and
; earth sciences. As a first step, major |mprovements could be made if
_ separate materials in physical sclence, mcludmg earth science, and bio-
logical science were developed :

' Relevance and interest: Emphasis should be placed on the carefl.l selec-'
tion of science experiences ‘that will be both  relevant -and en;oyable
Materials should be developed that. treat problems related-to the impact
.- of science and technology on society and the environment. The I|m|tat|ons :
.as'well as the power of science. should be consrdered

Development .of - coures : with- these - characterlstlcs must respond to the
‘ realrty of large enroliments and limited resources. Alternatives must: be.sought
3 for -effecting . desired - learning among large numbers of students by-small
' numbers. of qualified professors. A person of professional rank should have .
'pnmary -responsibility for the organization of each course, and he should be
provided an adequate number of assistants to perform instructional,. technical,
and clerical functions. The ‘professor must have drrect contact with the stu-
’dents ‘enrolled and the students must have ample opportunltres to discuss
sclentlfrc concepts with the staff and wuth each other. Furthermore it 'will not
be’ enough to provnde student materials’ alone Wntten teacher S guldes should
be developed sumultaneously with new course materlals desrgned for students. .

Conductrng studies of science teachlng practrcec Assummg that the future
science teaching practices of the elementary school teacher will be strongly
- mﬂuenced by the style of teachrng in h|s college scrence courses, a number of
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aspects of the college science program should be carefully considered. Some
of these are:

1. Interaction patterns between professor and student and between student
and student.

The climate of the learning environment.

Individualization of instruction.

Active pz:ticipation of students in setting goals for their own learning. -
Greater emphasis on laboratory investigatipns than on lectures. .
Laboratory investigation rather than cockbook laboratory manuals.
Use of a variety of learning materials rather than a single textbook.
Attitude toward science and learning.

®NOG AN

Education Programs ,
There is a need for new materials and new approaches in education as well

as science. The USOE Model Projects provide ample suggestions for the de- -

velopment of these materials—their influence could be revolutionary. The
focus of these programs is on preparation of the -elementary teacher without
specific reference to disciplines as such, but the framework of these Models

and their philosophy have many implications for preparation: to teach science.
If professors of education with special interest and responsibility for prepara-

tion to teach science have participated in planning the'sciencélexpei'iencqs,
as it is strongly reccmmended that they be, then they will be in a better posi-

tion to develop educational materials that supplement the s\cience«expefieng:es‘

making use of many ideas in the Model Projects.

Fresh” approaches and new directions’ are needed in progrémsfto provide

experiences with children and schools, Specific behaviors desirabie for teach-
ing science to children: should be identified first. It is then recommended that

S M ot e |
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projects be implemented in which experiences planne’d“to} dev,eldp these ,

behaviors are provided through modules of instruction, seminars, readings,

‘research participation, or other structures without the limitations of credits and -

traditional courses. : : . g
Some characteristics of proposed development projects are the following:
. ® Objectives: The education requirement for elementary teachers and the

instructional materials that they would ‘study . should be based on per-

formance objectives which specify the behaviors desirable for feagihirig'
science to children, With necessary elaboration and modification the

~ objectives outlined in this Report under Guidelines VI through IX i:bui_d ‘

provide the framework for these specifications. "

_® Assessment: Assessment . devices which,;coerSpbnd _t,‘b-'tﬁe‘ bétformahéé .

objectives must be developed to evaluate the effectiveness of the instruc-
tiona! materials. The quantitative resuits of performance assessment
- should be used to suggest modifications of the education program.. *
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* Individualized instruction: It is recommended that much of the instruc-

tion be individualized so that students can satisfy the requirements in

- different ways and in different-lengths of time. In support of the individ-

: . ualized instruction entry tests (Does the student possess the prerequisites
. needed for the course?) and diagnostic tests (What competencies in the
. course does the student already possess?) must be designed. Students
who demonstrate a particular competency before instruction would by-

pass activities designed to develop that competency.

® Service centers: “‘Professional service centers” in teacher training insti-
tutions should be established where .the students could obtain advice
about problems they encounter in teaching without the threat that is often
associated with taking problems to. college supervisors or cooperating
teachers. Such centers should have specialists in testing, in audio-visual

- materials, and in systemic design of teaching methods, and psychol-
ogists available for consultation by students. o

B P Ly, I NI R TR e SRR, )
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° Vicarious teaching experiences: Filmed classroom episodes showing good
- science teaching, and a‘ssociated‘study’ materials .in which the prospective
~ teacher identifies appropriate teaching strategies should be prepaljé‘cl. -

-® Micro-teaching: Simulation and. mic}'o-teaching\ ‘materials designed
. .especially for-teaching science should be prepared. The materials should
be arranged in_sequence to progress from. teaching one child, to two or
three, to ‘larger_grpu,psf as preparation for_teaching science in the usual
class of thirty or more.” ' a S ’
® Practical experiences: Organization of_seminars-on-one or ‘more of the
new elementary programs including- opportunities to teach units from
these pregrams to children is recommended. '

g ® Independent investigations: “Invitations to Inquiry,” a cqllei:tion of sug-
gested investigations in science which: could be done by teachers inde-
pendently or in small groups outside formal class organizations, should

' be developed. - - - R .
.® Action research: Students and teachers should have responsibilities in
_research. and development projects related to college and. pre-coliege
- science education. The involvement itself could lead to greater under-
- standing of and more .positive attitudes toward learning and teaching
. science. ‘It would provide a major personnel resource necessary to ac-
complish development- and change in science education. Experiences in
which teams of students and professors. cooperate in the development
and field trial of experimental units in science should be provided.

Cooperative Arrangements with Schools

Personnel- in colleges who are responsible for the preparation of teachers
need closer contact with changing - programs .in .the. schools. ‘Mo\dels-.whicb‘
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provide for sharing the responsibility for teacher education between college
and school personnel are needed. Such models should provide for joint financ-
ing of programs and for cooperative efforts in making decisions about the
program. Provision should be made for classroom teachers to assume active
roles in that part of the preservice program carried out in the college and for
college professors to provide services during that part of the program carried
out in the schools.?

If teachers are prepared by the preservice program to teach new elementary
school science programs, personnel in schools must lend support and en-
couragement. Such support is often missing because school administrators
and concerned parents do not understand the new science programs and
resist the changes which are being encouraged. Structured procedures at the
state and local level may also inhibit recognition and acceptance of new pro-
grams. Such resistance is real and important. Its causes must be understood
and dealt with.z® '

There are several possibilities for projects aimed at educating the public
and school officials as to the methods and purposes of new science programs.
Conferences for administrators represent one; the inclusion of administrators
in inservice programs for teachers is another. Still another suggestion is that
an “elementary science sampler’’ including materials from several of the new
elementary science curriculum projects be prepared to introduce laymen to the
new programs. Filmed materials which show these materials being taught might
be included to give an idea of ways modern science is taught to children.?

Research Projects

Science Programs

The effectiveness of college courses and programs is taken too much for
granted. By demonstration we see exciting course outlines, we hear stimulat-
ing lectures, we observe interested students, and we know many excellent
teachers who ‘were graduated from these programs. To date very little~has
been done to measure how the college science experiences affect what the ele-

‘mentary school teacher does in the classroom and how effective he is in

developing an attitude of scientific inquiry in his pupils. Effects of college
courses and programs, while complicated by a multitude of difficult-to-control
variables, should be studied by carefully designed research projects.

25 Programs developed at the University of Maryland and the Univenit{ of New Ma2xico are repre-
sentative of the kind of cooperation described here. Brief descriptions of these two programs may be
found in Teacher Education: Issues and innovations, the 1968 Yearbook of the American Association of
Colleges for Teachar Education. ) - .

26 For an excellent dis~ussion of sources of resistance see: Watson, Goodwin, “Resistance to Change'’,
Concepts for Social. Change, pp. 10-25. Edited by Goodwin Watson. Washington, D.C.: National Training
Laboratories, NEA (1967). ’ :

27 Elementary Science Information Unit. Far West Laboratory of - Educational Rcs‘urch»arid Develop-
ment, Berkeley, California. S SR
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It is recommended that research emphasis and priority be assigned in the
following areas:

) 1. To determine what the competencies of the elementary teacher of
" science should be. The Guidelines of this report may be considered to
be testable hypotheses of desirable competencies.

X 2. To determine whether these competencies are being achieved in the
teacher’s preservice college science experiences.

5 3. To determine whether the pupils of the elementary teacher, who has

achieved the competencies that have been identified, develop desirable
competencies in science. i

The importance of {dentification and control of variables in specific studies
related to these three areas,.cannot be overemphasized. The research will
require real expertise and probably would best be undertaken by teams of
7researchersjthat include scientists; specialists in learning and elementary edu-
cation, and’ statisticians witp Zompetence in research design.
. - The guidelines of this report indicate the variety of teacher outcomes which
. : . must be refated to program characteristics. Other teacher outcomes that are
- important §h‘ou£d alsq be examined. For example, a teacher's feelings about
. science ang the values of teaching science in the elementary school appear to
i be crucial factors in effective elementary science teaching. Other important out-

¢

R % *éome,s include the teacher's ability and willingness to relate science experi-
3
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. ences in gther subject fields. Work is needed to relate preservice science
_program characteristics to the outcomes indicated in the guidelines of this
‘Report. Other desirable outcomes of the science program that might be the
subject of research are how to develop the following attitudes and perform-
ances in teachers. ' ‘
® " That science is lively and interesting. , v
- ® That scientific inquiry can be carried on in elementary classrooms.
® That he can adequately deal with investigations even though he does not

b
e

~ know the “right answer.”

; ~ © That he can adequately deal with and learn new subject matter in science.

® That methods of teaching science can be transferred to the teaching of
; ““'nonscience” subjects. ' - '

® That science learnings and experiences are connected to social learnings
and experiences. ' L : ,

- That science experiences are used as a vehicle for the development of;

skills in writing and artistic representation, L
Several of the committees who studied the Preliminary Report suggested -

i‘f‘  that research should be done on the personal characteristics. and attitudes
i that are necessary to be an effective elementary school. teacher, including
i those attitudes that are most desirable for a teacher of science. It was further -

suggested that such a study should start with the student entering “i:“éllegé,‘ o
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continue through the pre-service years, and into theinitial teaching experi-
ences. In addition to research relating personal characteristics and attitudes
+,¢ effective elementary school science teaching, research already. done and
in progress on the concerns of prospective teachers should be studied for pos-
sible use in research and program development.z®

Programs With Children And Schools

In addition to the research projects suggested for the preservice science
program, research in experiences with_children and schools was also con-
sidered at the AAAS conferences. Some of the suggested projects were quite
specific, others were broad. Among the specific proposals were the following.

e If the teacher is engaged in planning as well as carrying out investigations
in. his college-science program, does he do a better job of teaching science

_ modules to. children than if his college science |nvest|gat|ons had been
planned for kim? «

e What kinds of classroom behavior will enable the teacher to increase class
participation by more children, for example, does the length of time the
teacher waits before asking another question or calhng on another chlld
increase class participation by slow children? 2°

e Will pupils acqurre a partlcular behavior, such as the ability to construct» :
" a test of a hypothesis, faster if they are taught in Iarge groups, small ,

groups, or individually?

Other somewhat less sharply defined questlons were ralsed concerning the
effect of preservnce experrences with chnldren on the teacher s performance
in the work situation. :

o Will early contact with children make prospectlve teachers aware. of prob -

lems of teaching science to children and in turn increase the value of thelr
other college experiences?

¢ How well does the teacher's performance i in micro- teachlng and srmulated
cIassroom srtuatlons predict his later performance in the schools"

Other questlons relate to the ‘teacher's attltude toward sclence

. To what extent can these attitudes be changed? How do these attltudes ‘

develop in the first place?

els it true, as some educators suggest that mept teachmg by . graduate

assistants results in the alienation toward science so frequently observed
in elementary teachers? If so, would it be possible to prevent such aliena-
tlon by provndmg graduate assnstants wrth speclal tralmng to teach? 7

"Su anccs Fuller, "Concorns of Teachers A Dovelopmont COnceptuullutlon ' Almrlcan Edu-
.cational Research’ Journal, Vol. 6, No. 2, March 1969, !J’ 207-226; idem, “Intensive lndlvlduallzatlon of
u

Teacher Preparation in._Mental Health and Teacher. cation,” 46th Yurbook of the Auoclaton ot

Student Teachers, 1967, pp. 151-187. Dubuque, lowa: William C. Brown.
,“”n'l;hls topic was suuutod by work dono by Mary Budd Rowo at Teachers cOlluo, Columbia- Unl
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Two broad areas of needed rescarch were identified: the cost effectiveness
of different instructional procedures, and ways that needed changes in social
institutions such as colleges and schools can be brought about.

Thorough study of the many questions pertaining to the preparat'on of
elementary teachers will require decades, and improvements are needed now.
We cannot wait for research to provide all of the useful measurements before
we decide on our educational shoes. But just as shoes are replaced, so are
educational practices. By continuing effort in both development and research,
the improvements in preservice education of elementary teachers that are

D -

needed today can eventually be brought into being, some of them within a

few years, if the effort and support is as massive as the need dictates.
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INSTITUTIONAL STANDARDS

The purpose and primary force of this Report is to describe competencies
that will enable elementary teachers to provide exciting and profitable science
experiences for .children. The competencies have been derived from nine
guidelines. stating what the elementary teacher should be able to do when
he has completed a preservice program. The guidelines are applicable to plan-
ning, executing, and evaluating preservice science education programs for
elementary teachers. ' “

This chapter states five institutional standards that seem essential if the
institution is to be able to achieve the broad goals set forth in the guidelines.
These standards are guidelines to institutions in establishing a framework in
which effective teacher education programs can function.

A Cooperative Enterprise

- . Responsibility for teacher education programs is properly placed on many:

individuals and groups associated with institutions of higher education; the .
schools, state departments of education, professional organizations, and the

o public served. Greater invoivement of all of these individuals and groups is-

extreme!y important in ail phases of teacher education from initial planhing
through evaluation, teacher placement, and follow-up after graduation. This
broad involvement is aiso important for special parts of the teacher education

" program, ini:ludirig,pr‘eservice science teacher education to which the standards o
_aredirected.® o ‘ : -

Standard 1. The institution should make certain that science and ele-
mentary education departments share the responsibility for the preservice
:éi'eﬁce‘éducation of elementary teachers and that in meéting' this respon-
sibility :hese departments cooperate fully with each other and with schools,
state departments of education, and interested persons and agencies.

® What evidence is there of sharing of responsibility by scien-
tists and teacher educators? . ‘

® What are the relationships of the institution with other

. agencies that can contribute to the preservice science educa-
tion of clementary teachers? )

® Do college staff members know what is going on in elemen-
tary school science classes, and do school personnel work

i with the college faculty in developing elementary teacher
- education programs? . o '

: "Quostiom follow each.standard. These questions are included for use by those who will evaluate

. the Programs,




Staft

e most critical factor in good teaching is the staff. In no segment of
her education is excellence of teaching more important than that in the
cher education program. The quality of planning for teacher education,
nseling future teachers, leadership in both class and out-of-class science
eriences of prospective teachers, and the search for knowledge through
earch and development also depend upon staff competence. Some members
the staff should have had experience in teaching elementary school science;
d all of them should be knowledgeable about recent research and develop-
nt projects related to elementary school science. Participation in such proj-
s is an exceedingly valuable experience for one who teaches courses for

eservice elementary school teachers. o ,
Stqndard 2. The institution should insure that tbe}sciervwe -preparau’bn
elementary teachers is under the direction of a professional staff which
) exhibits competencies in science; (b) is knowledgeable about elemen-
ry school methods and programs; and (c) works cooperatively-, with
lleagues in other departments. ' o Lo
_ @ What evidence is provided that those individuals who ~tea;ch .

science to elementary teachers are competent in the science

-~ that they teach? .
e What evidence is provided that those individuals who teach

science to elementary teachers are familiar with materials.
and techniques used to teach-science in elementary schools?
e What evidence exists that those individuals responsible for -
the science preparation of elementary teachers are provided
necessary time and material resources to develop courses
and programs deemed appropriate for elementary *sachers?

Cur'l‘;iucu‘lum |

Next in iaportance to staff is the curriculum for the preservice science edu-
ation of elementary teachers. The nine guidelines provide the framework
pon which the curriculum of science and science teaching experiences can be
sed. Curriculum as used here refers to all experiences that the;instjtution
rovides to assist the prospective teacher in acquiring competencies needed for
eaching science to children. L o R
Standard 3. The institution should structure a curriculum designed to:
a) provide a. full liberal education for the. future teacher,: including a
trong science component; (b) prepare the student for life as. a useful
itizen and responsible leader in a society whose every aspect is conditioned
by science; (c) enable the student to become a. proficient-and knowledge:
able teacher of science and .other subjects that he will be: called upon to
tench; and. (d) enable the student o be confident of his professional role
as a science teacher, and of llne,importanpapf what ke does. for society..
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® Which parts of the curriculum contribute most to the
teacher’s liberal education?

® What evidence is there that the teacher will become a useful
citizen and responsible leader?

® What kinds of evidence are available that the student is a
proficient and knowledgeable teacher of science?

® How does the institution judge the degree of confidence in -
:he 'i'm;;ortance of teaching on the part of the preservice
eacher?

lndividualizing instruction

In this report, individualizing instruction means that the past e:perience
and the learning rate of each student are considered when instruction is
planned. It means that experiences are assigned on an individual basis. [t
does not mean that a single person is the learning audience; some instructicr:
may be done better in groups and some may be done better with individuals.

mearingful when students are considered individualiy that led to Standard 4.

Standard 4. Institutions which prepare teachers should make every
effort to allow for individual differences among students by planning in.
struction so that students may progr.ss at diffierent rates and by giving
credit in completing program requirements for learning that is acquired

" before eniering college or that is acquired throigh informal experiences

during college.

® What procedures are used to determine those competencies
that students possess in a given field at the time they begin
the appropriate college courses?

® What procedures are used whereby students may bypass
instructional segments designed to teach what they have
previously demonstrated they can do?

® What evidence is provided that students may have a choice
in determining how they will acquire a given competency?

Facilities and Maieriglg'

Throughout this report the emphasis is on the conj’pét'éﬁc‘;i‘eé that gﬁletﬁé’r’:t'ai‘y
teachers should “exhibit.- There is no intent to describe ‘the equipmént; the
written materials, or the laboratory facilities that ‘colleges and universities
should have to conduct a teacher education program. Still, it is not uncomimon

- for elementary teachers to take all of their science courses without ‘laboratory
~ experience. Many elementary teachers are graduated without an opportunity

. 4 -

~~to see equipment and materiais designed for teaching science o elementary
- school children. Libraries that they use”have few books that may: be used for
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(b) furnish science equipment and

Standard 5 makes explicit the desire for proper facilities for the teaching

of science to teachers. It pertains to conditions that should be provided by the
teacher preparation institution.

Standard 5. The institution should (a ) provide -laboratory facilities

whick will accommodate student activities that range from predewrmined

exercises proposed by the professor to student-constructed experiments;

- 1 similar to those in elementary

schools; and (¢) provide reference’ books suitable for use in a school
setting. ' .

¢ What facilities are provided for teachers to conduct labdra-

tory activities? ’
e What kinds of equipment, materials, and books are provided

which enable teachers to prepare to teach science in ele-
mentary schools? ,

.- )
e
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STRATEGIES FOR IMPLEMENTATION

Participants in the four conferences held in October and November, 1969,
made many suggestions for implementation of this report. They further recom-
mended that these suggestions be referred to special groups for initiation. A
number of recommeidations were addressed to AAAS and the Commission on
Science Education. The Commission will make a major effort to respond, but
change can be effected only with the cooperation of the National Association
of State Directors of Teacher Education and Certification and many other indi-
viduals and groups. The conference recommendations for implementation fol-
low. Your assistance is solicited in carrying out those of the recommendations
appropriate for your situation.

Colleges and Uriversities Preparing Teachers

Assume responsibility through cooperation of departments of science
and education for establishing competencies for elementary teachers
consistent with these Guidelines; accept responsibility for. the develop-
ment of these competencies, recognizirig that competencies can be
developed in courses and in many other ways through appropriate
experiences; accept responsibility for developing procedures for evalu-
ating-the success of students in achieving these competencies.

Advise students planning to teach in elementary schools early in their
college career about the competencies needed in teaching elementary
school science, and describe experiences that will help them develop
these competencies.

Seek teachers with the specified competencies to act as cooperating
teachers. )

Make one person on each campus responsible for stimulating and

- coordinating the implementation of these guidelines.

Conduct discussion sessions among college faculties and students,
recent graduates, elementary school teachers, district administrators
and supervisors. Every opportunity should be taken to generate formal
and informal discussions of the Report.

. Consider' the Report in the perspective of its significance as—being

prepared by 2 national project jointly sponsored by AAAS and NASDTEC
and involving 500 participants in seven conferences.

Maintain an internal structure developed for study of this Report for
continuing dialogue and consultation among scientists, teacher edu-
cators, and the schools.
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" . possible application in these disciplines and support in developing the

11,

12.

13.

These recommendations are phrased for state action but they agply equall‘y;

Plan seminars to demonstrate the new elementary school science pro-
grams as background for diccussion and implementation of the Report.

Prepare reports describing how these guidelines and recommendations
are being used in your college for presentation at professional meet-
ings and for publication in professiona! journals.

Provide for review of the Report by disciplines other than science for

competencies. ‘
Encourage tzachers of science education courses to use teaching
strategies that they want elementary teachers to use.

Plan research and development projects so that faculties become
actively involved in finding answers to questions related to the pre-
service science education of elementary teachers.

‘Plan preparation programs for paraprofessionals who will be able to
make it more feasible for schools to offer effective modern elementary
school science programs.

State and Regional Action

well for regional action, involving a part of a state or seyeral states.

1.

Conduct state-wide meetings of scientists, teacher educators, state
department personnel, school administrators, teachers, and lay leaders
for discussion of the Report and ways of using it. ‘
Identify an individual in each state who will be responsible for dis-
sgmiriatjon of these guidelines and encouragement for their imple-
mentation; and to establish commurication ‘with- state professional
associations. He should be assisted by a state committee. o
Solicit names of potential leaders for state consideration of guidelines
and other leadership roles from such groups as the Council of State
Science Supervisors, Council of State Elementary Consultants, Academy
of Science, State Science Teachers Association, and TEPS Commission.

Request state school administrators associations, schooi board associ-
ations, and PTA's to provide for presentation and discussion of the
Report at their regularly scheduled meetings. : , 4
A_séist state education departments in carrying out their role of stimu-
lating improvement and innovation in.teacher education.

Inform industry and the lay.public about moderri.pmgréms in- elemen-

tary school science and in needed improvements, in-teacher education.
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7. Submit reviews of the Report and ways in which it has been used for
publication in state journals.

; 8. Generate pressure from boards of education and administrators to
g require that beginning teachers be prepared in compliance with the
| guidelines.

State Academies of Science

9. Consider the report and determine appropriate steps for implementa-
tion, including: (a) endorsement by the group; (b) offering assistance
to teacher education institutions and to the state education agency; and
(c) further development of performance objectives in science and in
education.

State Education Agencies

10. Appomt a planning committee to promote wrdespread mtroductlon and
discussion of the Report. :

11, Conduct a state conference on science educatnon for elementary school
teachers, utilizing the Report. Conference goals should be to provide
opportunity for dialogue among the communities of sciences, science
education, and elementary education, and to develop action programs
within the state, including models for operation. :

12. Compare the report with state regulations for any possible conflicts
~ and consequent needed changes in the state Standards . ;

713'. Present the report to the state’s Professuonal Education Standards
Board for possible adoption or approval.

) 14. Use the standards and guidelines in evaluatron of teacher education-
program approval and/or state accredrtatlon

15. Serve as clearinghouse for developments within the state and in other
states and communicate penodlcally to mterested groups within the
state.

16 Maintain relations with. AAAS and NASDTEC in order to promote effec-
tive use of the standards and guidelines.

Professional Organizations -

The assistance of national and state professional- orgamzatlons in science |
and mathematics should be sought to: L r

1. Distribute copxes of the ‘Report to their members who can make use of it.

~2. Provide for presentation-and dlscusswn of the Report at one or more
‘regular meetmgs . : cant ,

50




P g Y
o o

Hn‘)ﬁﬁ%&'!’:‘
PRI ,

R R e g I
N -A"‘("ﬁ'.“‘ﬁ«":'\‘:'i RPN Yo W *

TR~

AN Tiad)

N a3 vt

Sea)
PR ey V

agre

Develop outlines of materials to assi

Sponsor special confe
Report.

Publicize the Report and uses of it in their journals.

rences for introduction and discussion of the
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preservice science teacher education
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Appendices

Not all of the suggestions and recommendations of the committees have been
incorporated into the body of the report. Some of these ideas are included in Appendix
B uﬁder the headings Gems (short statements about desired activities and outcomes),
Science Experiences, Experiences with Children and Schools, Liberal Educatior;, Im-
plementation and Research. Those who read and use this report may find many of
these suggestions helpful. .

To keep Chapter 2 from becoming unwieldy, the performance objectives for Scien-

tific Knowledge were stated in general terms rather than in detail. However, it was =

felt that this treatment of the objectives would not be as helpful as more specific
statements to those developing new science programs. To assist developers of new
programs to prepare their own specific objectives, an example of more detailed ob-

jectives is given in Appendix C for the topic The Composition, Characteristics, and
Structure of Matter.

Appendix A

Aol

0 1t

GUIDELINES AND STANDARDS - ~
Guidelines

Guideline 1. Science for elementary teachers should be taught in the same style
of open inquiry that is encouraged in elementary science programs. The student’s
science experiences should develop his ability to actively investigate natural phenom-
ena and should result in his enthusiasm for and confidence in teaching science
through inquiry to children. )

Guideline II. Science experiences of elementary teachers should develop in
teachers an appreciation for the historical, philosophical, and current significance of
science to society, and positive attitudes about science which result in a more objec-
tive approach to everyday problems, in improved teaching of science in their class-
room as well as in increased interest in science-related activities.

,Guid_eliné lll. The science experiences for elementary teachers should develop
competence in inquiry skills or processes of scientific inquiry. . I

Guideline IV. The content of coilege science experiences for elerhentary teachers
should be selected so that the topics studied by teachers provide, as a minimum, an
adequate background for the topics taught in elementary schools.

- Guideline V. Science expeériences should be selected so as to develop a capacity

- and disposition for continuous learning which the teacher should demonstrate by

engaging in ‘science activities which will provide new information and experiences
capable of affecting existing attitudes, ideas, and teaching. '

Guideline 'VI.. The institution, working cooperatively with schools, should provide

experiences with children and' schools' so designed that the teacher develops the
- skills required for effective instruction in the science-program.. - : "

Guideline VII. The institution should insure that the teacher possesses skills re- - = °

. quired for effective human relations with children in the classroom by carefully and
-, continually screening candidates-for the teacher education program and providing ex- . - -

. - +

 periences in which stiidents develop the"desired behaviors.
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ence ‘in science; (b) is knowledgeable aboyt _elementary school methods and -pro-
grams; and (c) works cooperatively with colleagues in other departments. :
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vide a full liberal education for the futyre teacher, including. a strong science compo-
‘ nent; (b) prepare the student for life as a useful citizen and responsible leader in a
? _ society whose every as
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* ADDITIONAL ITEms FROM THE CONFERENCE REPORTS
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" e . The development of a science preassessment instrument for elementary ‘edu-

.. cation majors is needed. LT
e @ The teacher education. program must.be extended beyond four years, = .-

-~
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2. Science Experiences

ceptance or rejection into the credential program. - ;

® Use of paraprofessionals in elementary school science programs should be
encouraged.

¢ The Report should also be addressed to junior college teachers since many

prospective elementary teachers fulfill their science requirement in junior col-
lege. '

[ Colleges should provide outdoor laboratory facilities which will facilitate stu-
dent activities focussing on environmental science.

® School system personnel should be directly involved in every phase of the

development of the preservice science education ‘of elementary school
teachers.

® Experiences with school children” should be provided during each undergrad-
uate school year.

®_ Professional societies should develop positive attitudes among science pro-
fessors in fostering interdisciplinary cooperation with science educators in
development of the preservice science education of elementary school teachers.

-~

The recommendation that courses in science be taught closer to time of apbiication

. (not in just the first two years of college) presents real problems since a potential

elementary teacher may not emerge until granting of the B.A. degree. Consideration
should be given to establishing seminar courses in education running in collaboration
with basic science courses where relevancy and application of the principles to the
eiementary classroom will be explored. It might also be possible to run an interdisci-
plinary course at the upper- division level in which representatives frcm the various
scientific " disciplines. present to student teachers an overview of the concepts they
consider fundamental to their field. Such presentations would then be followed by a

presentation by the teacher primarily interested in methods. This person might give

consideration to such topics as an overview of units, teaching aids and techniques ap- -

propriate to presentation of these concepts at the elementary level. -
. ) . v " ~ - . " ,V *-** o I - : N

‘ ‘.Trhetre is need for-an additional specific g@ideliﬁe that would cover the social and

humanistic relationships of ‘'science as they apply to such areas as:the use and man-
agement of natural resources, pollution, technology, population .control, history. of
science, philosophy of science,.and aesthetic values. e

3. Experiences with Children and Schools

Prospective teachers are often not identified early enou‘gh\to provide educational
experience prior to formal education courses. Programs which begin as early as the -

freshman year should be tried. These programs might provide observational or tutorial
experiences in science with children in schools. Through such experiences, prospec-
tive teachers could better decide whether. 2r not ‘education was. the direction to take as
& career and the institution could better evaluate the quality of the individual as to ac-

LR N ]

- It should be feeoghized that it may not be possible to develop the desired cei"nbei

- tencies in_science during the traditional preservice, education of elementary teachers.
Moreover, until the teacher has been exposed to the classroom he ‘cannot fully appre- -

ciate the problems of teaching science. The first few years are most critical.in this

- respect. Every school system'sholild establish a cooperative arrangement with a local
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college or university to provide continuing supervision and training in science in all
elementary teachers during their first two or three years of service.
' ‘ e x

It.is recommended that provision be made for field experiences in more than one
-type of school, at more than one level, and in more than one type of community, so
that the students are given additional frames of references from which to make com-
parisons and future educational decisions. It is suggested further that similar pro-
vision be made for- developing differentiated roles of teachers. This might be reflected

in the report by indicating several alternative sequences of experiences that might be
followe 1. -

4. Liberal Education

Science being'a human endeavor, the teacher as a liberally educated ‘person should
seek to be continually aware of the moral responsibilities for the use of science and
should seek to keep students aware of these ‘social issues. The scientific enterprise
should provide resources for actively reducing racism, increasing respect for the
individual and promoting the Proper use of the environment: The report should refiect
this more strongly. “ e : o

5. Implementation

" The impact of the student demand for change in styles of teaching and content

currently being felt throughout the nation in colleges and universities is also affecting
teacher training in those institutions. It seems highly opportune, therefore, that the
teacher accreditation associations be contacted in the several states and regions as
well as nationally, by AAAS in the interest of the new program in preservice éducation
of science teachers. ' ' - o SR

We suggest that a most helpful first step would be the preparation, by AAAS in
Cooperation with accreditation and- certification agencies, of criteria, which would be
derived from the Guidelines, -that would be used by accreditation teams in making
helpful suggestions to colleges and universities for future'development of their educa-
tional programs, most particularly those in preservice science education. C

Accrediting and certification agencies should be encouraged to enforce. restructuring
of college curricula in accordance with the guidelines. o :

Co : L E RS

Institutions shqdld eﬁcoyrage their sqithé and science education faculties to

establish working arrangements that promote mutual cooperation. These might include
joint or adjunct appointments across departments, or the establishment of jointly
staffed science teaching center or institutes. ‘

L

. One possible'channel for dissemination is via institutes and workshops. In this-

connection there are two avenues which should be ‘explored. The first would. ba the
establishment of institutes and workshops which will work specifically on the develop-
ment of science materiais and experiences which are appropriate at the college level
and which are compatible with the common features of the several elementary pro-
grams. The second would be to “infiltrate'* institutes which are primarily designed for
other'purposes but which coiild logically and naturally contain a‘component on'elemen-
tary science. ‘ , R s A
- To catalyze the development of spacial institutes and to encdurage the incorporation
of the ideas in devéloping these Guidelines in existing institutes, a series of workshops
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for institute directors and potential directors should be sponsored. It appears that in

this connection there is urgent need for models in which the very philosophy which is

being advocated is used by the advocators. It is not our suggestion that the workshop
partlclpants go through the specific elementary materials as such but that utmost
care should be exercised to see that the workshops do not violate the educatlonal
tenets whrch they advocate ’

6. Research
A representative study might examine how the use of “open hours’’ in teachers
laboratory work (rather than fixed times) was related to
a. Teachers’ beliefs that science is no: a *‘foreign” special activity.
b. Teachers’ beliefs about the importance of inquiry in science. -
C. Teachers’ responsiveness to individual dlfferences in pupils (especially abandon-
-ment of “lock step’ teaching).

In addition to the studies suggested b the elements of this report, research is
needed to follow teachers completing programs for a number of years in. their

careers, to assess the effects on classroom performance of personality factors, and to
suggest program characteristics that might be made dependent on the teacher's per-
sonality. How much the sciznce program for prospective teachers shculd differ from
the program for other nonscience majors seems dependent on the differences that may
exist between these groups. How different are these groups in competence at the be-

courses will produce the greatest desired change in prospectlve teachers? -

Although this report focuses principally .on the connections between program
characteristics and teacher outcomes, other forms of research are very relevant. For

. example, information concerning the technlques, devices, and approaches most ef-

fective in changing collegiate programs is needed. Knowing what an effective pro-
gram would be and arranging for its operatlon are not the same. Individuals of good
will need all the assistance they can receive in making their efforts effective.

- Common sense and experience indicate that the program elements recommended in

: glnnmg, in expectatlons etc.? What emphasis in the science courses and the methods

these guidelines should. produce positive effects. But careful research tracing out the

effects of these and related program elements is needed. Where controlled research is
not possible we can, at least, describe the consequences of ourefforts at development

“Not enough trustworthy information is available on the sequence:
‘Characteristics . Teachers’ —~———m—p Teachers'

of collegiate competencies, actions in
" programs. «g— beliefs, «— , —. teaching
‘ L feelings ‘ ~ science.
in science ‘ - ‘

The standards and recommendatuons of this report specify and suggest characteris-
tics of collegiate programis that should be lnvestugated For example, some of the
variables that might be manipulated are:: *

a. The number of teacher-designed lahoratories in the colleguate program ‘
b. The extent to which slmple materials are used in the collegiate Iaboratory ‘
"¢ 'The use of “open hours" in collegiate laboratory work.(rather than fixed tlmes)

d..,The number of laboratory activities that have no predetermlned “rlght answer",

in the collegiate laboratory.

. “e,- The teacher’s freedom to take. all hlS science in one fnold rather than requlrmg“,;‘ B

- Mdistribution.”

N R R T A

T

S e st ©




!‘ T
3

e
Loy
\ ¢

RO

] f.. -The assignment of collegiate learning experiences after “pretesting rather than
3 ", reliance on a “‘standard” program. .. . . . ‘ oo T :
f g. The number and variety of direct experiences with: children ini the -first ‘two - ;
) - years of the rollegiate program. R A R ';
% ~ h. The natura of the sequence of involvement in the teaching role (after exampie, :
e , going from tutorials to microteaching to involvement with largé_g»roups).‘;, T .
{ i. . The nature of the internship (for example, the arrangements for supervision, g
1 the age of the pupils taught). LT
3 j. The degree to which decisions affecting the .internship program are made by 1
the cooperating schools. ~ . = .. - o h
[ 7 o . s S ConL T e .‘: , TR e
£ ~~One of the .impediments to change is the fack of approptiate “ideas” or “models”
2 to be used in the science preparation of elementary teachers. ~ -~ - - o

- The most commonly ‘suggested-solution to this problem is the” production, field
trial, and evaluation of curriculum materials for college students in the same way that
materials have been prepared for use at the elementary and secondary level. Perhaps.
there is another step that could be undertaken now at less cost and with more imme-.
~diate impact. : ER e T L Cal Ve T
" Consideration. should be given to the establishment of a clearinghouse for instruc-
tional -units ‘or -activities. Individuals would be encouraged to-submit descriptions of -

. their ideas to the clearinghouse. Those who did so would:be rewarded by receiving a
.- description of other ideas -dealing with the same curriculum- problem. An example-
" may help: - e LT T L O

- Suppose. that -} have .developed -an -activity. (perhaps an A-T lesson, a programmed
* Sequence-or:just-a simple assignment)-that |- feel is particularly effective in_getting
teachers. to ‘‘distinguish between'acceptable -and: unacceptablé responses-to:assess-
ment items. in-science.” | -would write ‘up-the. activity. and submit:it to the- ‘‘clearing-
house’’ for inclusion there. My report would automatically be accepted: providing the -
following criteria were met: .- - Tone L Doer o o S el e
“a: The objéctive of the activity isclearly.stated. - . oot o

tivity that another teacher could replicate

sk
T e

Sl vt oy

I arls o : -

B -The activity is described in sufficient ‘detail
- .lt. o ".f :’, -< k i - i _:: ‘ : :, » L L e T U S
€. . The student ppulation that was taught is described in brief (e.g., year. in-school,
- - prior hours of science and professional education). T SN
- 2.-d. The “test” of the objective is included.. .~:. .. - gt 0 el ECEER
e Stddgqt fpe‘rfqtjmancg on the test:.is"g'ivgn’(e;g..‘,"80/120-sftud¢nts met criterion). =
~-After my_“activity repori” was accepted, '|' would automatically “receive copies of -
_ all other related activities in the clearinghouse bank—i.e., all activities’ dealing with -
- assessment in‘science, T Y LT R R S E e
- Perhaps one of the most important side effects of this project would -be the iden- ...~
tification of individuals in the country who are creative enough to make some original ~ - - |
. contributions.’ These ‘peoplé*are the ones who ‘should be participating-in curriculum’ ~ :-
projects. ' T w o e T o T L SR ‘
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. “There is a-need to provide students at all -levels with the opportunity to beactively -~
involved' in research.. One ‘way:to_create thisopportunity -is to ‘develop large:scale o
‘research. projects. each-of  which. contains a‘l"nultitudéa:o’f?sub-p'robl'ems:dé‘sdwingfqu RS

investigation.Undergraduates; involved in such research, would be befter prepared to ~~ -
- conduct research projects concerning ‘their-teaching; Further they might-be more in- . .
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l‘ined._to, participate in-or assist in research. conducted ‘in their school by butsidefs. ‘

c
Students beginning work for a master's degree or dpcto{r’s;degree:couldf gain- experi-
ence prior to the time.they begin a thesis or disse'rta‘tion'.”Finally,‘ thesj'e‘sm‘anq,‘disserta-

-tions which grow out of a central project will probably have the same theoretical basis.

The result would be an Jincreased amount of related research and f(eweg‘sﬁtudiegmn

problems which have little relation to one another. " - -
. Research activities should not be reduced to attempts at justifying new’ teaching
practices. ‘Rather they shouid try to answer questions raised” by_}jthe:sys{ématic»
- design ofteachi_ngmethods;’g _ R
":.Samples of research Guestions are: - © - .. CL e o R
@ To what degree, and for what kind of performance category; ‘can vicarious ex-
. perience supplant hands-on experience? L e v
. ® What are the cdnditions_necessarx and _sufficient to instill the. attitudes . which .
" result in improved science teaching in the.classroom, a more scientific-approach

" Appendix € T e
. . PERFORMANCE OBJECTIVES FOR “THE . COMPOSITION;, .

- CHARACTERISTICS, AND STRUCTURE OF MATTER” - ..

. tO Ch"dfﬁﬂ;ﬁ: ' '",”‘-' ) . ) PET e R SRS R ceo WA 0 ':viiﬁ
"~ Chapter 2 suggests broad topics that the group responsible for this report . con- - -

they should-take into account. what teachers. might feasoniably ‘be expected to teach

,,,,,,

 sidered to be important for elementary_ teachers. It does not include. the  detailed

ot 3

- Specifications that would be a useful. guide to those who are ‘teaching science. to

. teachers and who are oncerned: with improving-their science programs. To_inclide - .
- such detailed specifications would have made the report too unwieldy. However, to
illustrate the: kind of- detailed Sppciﬁcatioﬁs"iﬁat ‘should be prepared before -attempting

to change science Programs for teachers, this appendix ‘provides’ an elaboration of .
one topic, The fc,omposit.iorp,‘ Characteristics and Structure_a of—fMattejr ‘(soe. page 18).

- An. examination . of ~'e!emqqtaiy»,§pi'ech materials .will show that most. include a
-==..S1Umber. of activities aimed at developing an understanding .of, matter. The_SCIS. unit-
- -Material: Objects provides an excellent example of how elementary children -might -
- be expected to examine matter in terms of characteristic Properties and to use these
: characteristic properties to identify, ‘classify or order materials in a Systematic fashion;
ESS units. such-as Gases and *‘Airs;"’ : Kitchen Physics, and sttarycPowders:prov_ide ;
=, similar opportunities;- in ‘many_exercises /i :Science-A, Process Approach. children .in.
© -+ vestigate-physical-and chemical properties of gases, liquids and -solids; Volume il.of
- the Intermediate  Science Curriculum Study. materials, (designed: for ‘grade 8) is de- .
- voted- to the- development. of a simple. model for matter. and -most conventional: ele: -

i
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o mentary scsence*“texts discuss matter in terms of atoms- and molecules. None of these
preséntations Ppresume’ a ‘detailed - .or -sophisticated atomic theory ‘and ‘the major
emphasis-is-placed on ‘properties of matter-and its interactions.rather than. theoretical -

. Statements or elaborate models. It seems-reasonable that-there should be a. similar

. L,emphasls in .the preparatnon of elementary teachers ‘l-'he follovang objectlves are v

) _g'_wntten from thls ponnt of vnew BT e Ua : .
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What is: the nature of matter7

l Perform demonstratnons that suggest that matter is composed of partncles S =

) a) Demonstrate diffusion in liquids and gases and descnbe the observataons |n
- terms of a particulate model for matter

b) Demonstrate that many forms of matter can.be broken down |nto constrtuent
parts. and describe thls decomposrtlon in terms of a: partlculate model for
matter ’ a

c) Demonstrate the |nteract|on of two forms of matter to form a new substance'v
and describe this interaction in terms of a partlculate model for matter. . '

d) Perform a demonstratlon 10 show that particles” of matter are very small

ll Perform demonstratnons that suggest that the partncles of matter are: in constant
motlon - Ll

- '-. a) Demonstrate dlffuslon in. hqunds and gases and descnbe the observatlons m*(' '
_tenins of the motion of particles.- - = .- « - o

D IR ;‘? ;,’r“ C et "«‘ St

b) Demonstrate Brownnan motion. f :,ff_ if'_'g, S L ST

‘,,,Vs:“:‘. Sl o P

lll Provude evndence for the electncal nature of matter . ‘ .
g a) Place an electrical charge on an object and discuss ‘ common examples of )
static electricity in terms. of the: balance of electrical charge on ‘matter.. >~

b) Demonstrate electrical conductmty in. solids and. liquids and’ drscuss con
_ductivity. in-terms of- the flow. of electrical charge jthrough matter. - .o~ -~

. c) Demonstrate the movement of colored ions- under the mfluence of an electncal, R
potentlal and name the charge on thie. |ons RIS :

.- *W Use simple: Physwal models 1o describe chemical changes i atter, 5 o2

a) Use fasteners and nngs, nuts. and bolts, balls and._sticks or other - physlcal*' S
models to illustrate the combination of elements totorm compounds. - o

< b) Use chemical: symbols to write formulas for simple compounds. 4 R

- c) Wnte chemncal equatnons to represent simple chemucal changes s

A
‘r

How can dafferent forms of matterxbe identm'ed? e

l‘ Name -and: me.sure {or. describe. quantltattvely) at leest six propertles ot matter L
“that may be used to identify it. - R

" 3) -Given samples of - pure substences. some of which are solids, some llqulds T
- and some gases, measure one or more of the following: properties and use -
_ the resulting data to separate the objects into sets such that all. elements of '
a eet have’identical properties. The properties to . be obseryed are: ;color »
. hardness, fracture pattern (what happens when you hit it with” a "hammer),
“5-density, melting ‘point, - boiling point,heat capacity, electrical condtIctlvlty,
w solubilrty in vanous solvents -and behavror on heetlng - '

G i" .o "s, ,‘
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~and compounds and use that evidence to make such_distinctions for simple cases:
-a) Given . homogeneous samples. of solid materials, identify the materials. as

N | Descrrbe evudence that may-be used to distinguish betwesn elements. mlxtures

-. .. -either mixtures, elements: or compounds. Only samples which can- be.identi- -

.- fied with relative ease should be used. For example,- ‘only elements. that will -
not react upon heating in air; only compounds that may easily be decomposed

by heat or electrolysis; only mixtures which do not have a wel! defined meltmg .

point or which consist of substances with- gross dlfferences in solubility in .

-

common solvents such as water and’ ethanol : S SN -

) How :s matter changed from one form to another? . RPN

l Descnbe changes from solld to llqmd to gas in terms: of the arrangement of

.-particies in the various. forms of matter, the motron of the partncles,u,a each form. - -

. and. the kinetic energy of the particles. -

a) Heat water from —10 degrees Celclus to 100 degrees Celclus in an: open con-
- tainer and describe the changes in terms of a particulate model for matter. -
b) Measure the ‘energy - required to ‘convert 10 grams of ice-fo water and 10
-= grams of water to steam. Descrlbe the -energy changes. in. tem-s of molecular
* motion. - - x

T

*_ é)~Describe in giialitative terms: the effect of temperature and pressure on the

’ volume of a gas;a llquld “a solid.

- ll ‘Describe cominon’ chemlcal changes in terms of a partlculate model for matter

Demonstrate at least five such chemical changes

o a) Descrlbe rusting and ‘other common. examples of corroslon in terms of are

action. between the metal- and - -oxygen. Prepare demonstratlons to show the
rmportance of oxygen- in corrosion. - - . Ioon s,

- b) Demonstrate the reaction -of an- acid with ab base

c) Demonstrate the reaction- of .acids- with carbonates Descrlbe the formatlon~-

-of caves, the cleanlng ‘of torlet bowls, or the actron of bakw* powder in terms
. of this reaction.. . .. .-

d) Demonstrate decomposntlon upon heatlng as an example of chemlcal change
e) Descnbe combustlon in terms of the chemlcal reactlon taknng place

What affects tne speed and extent to whrch matter changes?

l Demonstrate the effect of concentra‘aon temmrature and physrcal state on the
“rate at. which. changes in-matter occur. :

a) Demonstrate the effect of- temperature on the rate or common chemlcal changes
such as sourirg of milk and oxida**~n (burnlng) of paper. -

b) Demonstrate the ‘effact of cof  «ration of reactants on e ‘le rate of common e

- "changes. such as burnmg. acids: reacting wuth metals, or bases reactmg with

. ';44

c) Demonstrate the- effect of physlcal changes such ‘as pulvenzlng or dlssolving

v ontherateofoommon reactions. .

ll Describe factc»rs that affect equihbnum in chemucal and physical systems and
.demoristrate svstems in equnlrbrrum, o

a) Describe differenoes over a- peruod of trme in a system conslstmg of water in "
: a closed contauner and-waterin an open container and explain the dufterences

BN L s ec——————— " 4 s P prev— ey s

£z

C e,

oo




e Hubert N. Alyes, Princeton_ University, Princeton, New: Jersey08540

I S e s i oo

b) Descnbe macroscoplc ‘and - microsopic changes that—occur ina saturated solu-
tion over a-period of time and induce: changes in the amount of sol|d materlal
. in the system by altermg the system in-one or more ways. ‘

" c)-Demonstrate:a ‘system in " chemical ‘equilibrium and affect the system m such
S Ma way that macroscoplc changes in composntlon can be observed

o vk s
ALY

How can matter be separated’ ». T
I Demonstrate the- separatlon of sollds from llqulds, sollds from sohds, llqulds
‘ fmm liquids, -using physical techniques such as filtenng, .centrlfugatlon, sedl
' mentatlon, dlstlllatlon. and p.iper chromatography ‘ SRS

O Demonstrate«~the~separat|on of materuals that ‘are’ chemucally combuned through
electrclysls, decomposntlon by heat' and dlsplacement of ‘an element by another :
“element.

, Some will undoubtedly argue that the above represents too much that elementary
. teachers—particularly in_the primary grades—can do an adequate |ob .without bene-
- . fit of many of the competencies described...Others_will argue that it is far. too-little;
" 'that it represents.no more than would be covered in a“high school course in physlcal
.. science; -that-any respectable college science course should go well beyond the level =
outlined here.:There is truth. in both positions. It is certainly true that: the: -above -
i$ no more than mlght be covered in a high school course—-mdeed it is less than
might be covered in a modern. hlgh school- chemlstry course.-However, .any person -

- who-has worked closely with elementary. teachers can. -certaiiily - testlfy that =it de.-

scnbes -a-number of competencies that teachers do not possess even after they have:
- had as many as 12-15 hours of “collége 'evel” science. There is considerab!. evudence
_-‘that-in-our rush to develop- sophisticated ideas that are important .and. meanungful

- to professional scientists, we leave many. of our: nonsclence-orlented students con-

fused about these simpler, yet basic, ideas. In.the judgment of this wnter, the -

- competencies described. :above will enable the elementary teacher o do-a respectable ‘

= job. of teaching science in-the area outlined. Further, it repre.,ents a level ‘of under- .
. 'standmg ‘that-should be attainable for all_of the science topics descnbed in Chapter
- 2ina -redsonable length of time. If. additional time is. avaulable, ‘more may.be done-
-~ -but the above outline represents a minimum’ level of competence that can and should
" be attalned by ail elementary teachers. ‘ : .

*;,;— C T A
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CONERENCE PARTIClPANTS :
.SlcmundAbolu. State. Department of. Education, l-lartford Connecticut osns G e

- ~Donald E, Acheson, University ‘of Puget Sound, Tacoma. Washington 98416 -
" Leshe R, Allen, Uniiversity of Hawaii, Honolulu 96822 ... ’- CoLSe SR, '
- :Otle W Allen, ‘Leflore County School District, Greenwood,’ Mlssissippi 38930 o 5

. -Rosemary Althouse, Winthrop College, Rock Hill; South-Caroliria 29730:.

John R. Amold, Sonoma State Collegs, Santa Rosa, California 95405 . . o,

“‘1 “ - Anold Arons, Unlversnty of Washington, Seattle 98105. : e

.. Richard P. Aulie, Chicago 'State College, Chicago, iilinois 60621 AT R
lcrnloe Auotrheim, Northeastern lllinois State College, Chicago 6062& ;
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~ . William aenke, Unwersnty of Louisville, Louisville, Kentucky . 40220

. l.ucllle B, Bouan, -Central Atlantlc Reguonal Educatlonal Laboratory, Washlngton D C
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.lohn l-l. Beiley, East Tennessee State Unrversuty, Johnson Cuty 37601

Jeannette Bakke, University of Minnesota, -Minneapcli$ 55455 .

" Mildred Ballou, Ball State Unrverslty, Muncie, Indiana 47306.

Ralph J. Bame, Gienville State Coliege, Glenville, West Vrrgunra 26351 . k o

Eugene D. Bard, Southern Colorado State College, Pueblo 81005
Robert H. Barker, Eastern Kentucky Unrversrty, Richmond 40475

. Lehman W. Barnes, University of Georgia, Athens 30601 -

Louis E. Barrilleaux, Tulane University, New Orléans, Loursrana 70118 B RPN TYIR N
Jey Barton i, Wast Virginia University, Morgantown 26506 - - T

" Gerald D. Baughman, Northern lllinois University, De. Kalb 60115
- Jean Beard, San Jose State College, San Jose, California 95114 . ; .
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